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From: Mruz - CDPHE, Richard
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Date: Friday, August 14, 2020 4:31:30 PM
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Jesse,
Hope this finds you well. Please assist the State of Colorado in providing some technical assistance by
reviewing, and commenting on, the attached permit. I have also included Waste Management's
Comments on the Draft permit as well as CDPHE's response to those comments. Due to file size
limitations I will send another email. In this subsequent email I will provide some cross-sections to aid
in understanding the subsurface and the most recent annual report for other information and data at
the facility.
I appreciate you and your staff's time.
Thank you kindly,
-rick.
Richard Mruz, Jr., REHS
Work Leader
Hazardous Waste Corrective Action Unit


P  303.692.3332
HMWMD - B2, 4300 Cherry Creek Drive South, Denver, CO  80246
richard.mruz@state.co.us  |  https://www.colorado.gov/pacific/cdphe
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STATE RCRA PERMIT 



 



FACILITY: DENVER ARAPAHOE CHEMICAL WASTE PROCESSING FACILITY 
(DACWPF) RECONSTRUCTED CELL 



 



ADDRESS:   25700 EAST YALE AVENUE  



     AURORA, COLORADO 80014 



 



LATITUDE, LONGITUDE: 39 ̊ 39’ 31.9” N, 104 ̊ 41’ 07.8” W; or 



     39.658908, -104.685491 



 



EPA ID NO.:   COD000695007 



 



DATE OF ISSUANCE:  April 21, 2020 



 



EFFECTIVE DATE:  May 21, 2020 



 



EXPIRATION DATE:  May 21, 2030 
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STATE RCRA PERMIT NO. CO-20-04-21-01 



FACILITY: DACWPF RECONSTRUCTED CELL 



ADDRESS: 25700 EAST YALE AVENUE 



   AURORA, COLORADO 80014 



EPA ID NO.: COD000695007 



Pursuant to the Colorado Hazardous Waste Act (Title 25, Article 15, Sections 101 et. seq., 
“the Act”) and regulations promulgated thereunder by the Colorado Board of Health and 
Colorado Hazardous Waste Commission (codified in Title 6 of the Code of Colorado 
Regulations, “CCR”), a permit is issued to Waste Management of Colorado, Inc. (WMC, the 
“Permittee”), to permit the Permittee to conduct Post-Closure care operations at the 
DACWPF Reconstructed Cell (the “Facility”) located in Arapahoe County at 25700 East Yale 
Avenue, Aurora, Colorado, at latitude 39 ̊ 39’ 31.9” N and longitude 104 ̊ 41’ 07.8” W. The 
Permittee must comply with terms and conditions of this State RCRA Permit Number CO-
20-04-21-01 (the “Permit”). 



The Permit consists of the conditions contained herein, which includes any attachment, 
and the applicable regulations contained in 6 CCR 1007-3, Parts 260 through 268, 2 and 100 
as specified in the Permit. Applicable regulations are those which are in effect on the date 
of issuance of the Permit. This Permit is based on the assumption that the information 
submitted in the Colorado Hazardous Waste Notification Form and April 30, 2019 RCRA Part 
A, and Part B, Permit Application (collectively the “Application”) is accurate and that the 
Facility will be maintained and operated as specified in the Application. Any inaccuracies 
found in the submitted information may be grounds for the termination, revocation, and 
reissuance or modification of this Permit in accordance with 6 CCR 1007-3, Section 100.6 
and for potential enforcement action. The Permittee must inform the Colorado 
Department of Public Health and Environment, Hazardous Materials and Waste 
Management (the “Department” or “Division”) of any deviation from changes in the 
information in the Application which would affect the Permittee’s ability to comply with 
the applicable regulations or permit conditions. 



This Permit is effective as of May 21, 2020 and shall remain into effect until for a ten year 
duration unless revoked, and reissued, or terminated. 



 



Signed: ___________________________ 



 



Date: April 21, 2020 



Doug Knappe, Program Manager 
Hazardous Waste Program 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
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PART I: STANDARD PERMIT CONDITIONS 



 



I.A  EFFECT OF PERMIT 



The Permittee must manage the facility throughout the Post-Closure Period in accordance 
with the conditions of this Permit.  Any post-closure care activities at the reconstructed cell 
not authorized in this Permit are prohibited.  Compliance with this Permit constitutes 
compliance, for purposes of enforcement, with the Act and Subtitle C of RCRA except for 
those requirements not included in this Permit which subsequently become effective by 
statute or which are promulgated under Part 268 of the state or federal regulations 
restricting the placement of hazardous waste in or on the land.  Issuance of this Permit does 
not preclude the Colorado Department of Public Health and Environment from issuing any 
order pursuant to the immediate and substantial threat provisions of the Act.  [6 CCR 1007-
3, Sections 264.4]. 



I.B  PERMIT MODIFICATION, REVOCATION AND REISSUANCE, AND TERMINATION 



This Permit may be modified, revoked and reissued, or terminated for cause, as specified in 
6 CCR 1007-3, Section 100.60.  The filing of a request for a permit modification, revocation 
and reissuance, or termination, or the notification of planned changes or anticipated 
noncompliance on the part of the Permittee, does not stay the applicability or enforceability 
of any permit condition.   



I.C  SEVERABILITY 



The provisions of this Permit are severable, and if any provision of this Permit, or the 
application of any provision of this Permit to any circumstance is held invalid, the 
application of such provision to other circumstances and the remainder of this Permit shall 
not be affected thereby.  



I.D  DEFINITIONS 



For purposes of this Permit, terms used herein  have the same meaning as those in 6 CCR 
1007-3, Parts 2, 99, 100, 101 and 260 through 279, unless this Permit specifically provides 
otherwise.  Where terms are not defined in the regulations or the Permit, the meaning 
associated with such terms is as defined by a standard dictionary reference or the generally 
accepted scientific or industrial meaning of the term.  "Director" means the Director of the 
Colorado Department of Public Health and Environment, Hazardous Materials and Waste 
Management Division, or his/her designee or authorized representative.  “Act” means the 
Colorado Hazardous Waste Act, C.R.S. §§ 25-15-101, et seq. 



I.E  DUTIES AND REQUIREMENTS 



I.E.1  Duty to Comply 
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The Permittee must comply with all conditions of this Permit, except to the extent and 
for the duration such noncompliance is authorized by an emergency permit.  Any Permit 
noncompliance, other than noncompliance authorized by an emergency permit, 
constitutes a violation of the Act and is grounds for enforcement action; for Permit 
termination, revocation and reissuance, or modification; or for denial of a Permit renewal 
application. [6 CCR 1007-3, Sections 100.42(a), 100.61, and 100.64]. 



I.E.2  Duty to Reapply 



If the Permittee wishes to continue an activity allowed by this Permit after the expiration 
date of this Permit, the Permittee must submit a complete application for a new Permit 
at least 180 days prior to Permit expiration.  [6 CCR 1007-3, Sections 100.42(b) and 
100.11(e)(1)]. 



I.E.3  Permit Expiration 



Pursuant to 6 CCR 1007-3, Section 100.45, this Permit shall be effective for a fixed term 
not to exceed ten years.  The Permit and all conditions herein will remain in effect 
beyond the Permit's expiration date, if the Permittee has submitted a timely, complete 
application and, through no fault of the Permittee, a new permit has not been issued. [6 
CCR 1007-3, Section 100.11(e)(2)]. 



I.E.4  Need to Halt or Reduce Activity Not a Defense 



It shall not be a defense for the Permittee in an enforcement action that it would have 
been necessary to halt or reduce the permitted activity in order to maintain compliance 
with the conditions of this Permit. [6 CCR 1007-3, Section 100.42(c)]. 



I.E.5  Duty to Mitigate 



The Permittee must take all reasonable steps to minimize or correct any adverse impact 
on human health or the environment resulting from noncompliance with this Permit [6 
CCR 1007-3, Sections 100.42(d)].  



I.E.6  Proper Operation and Maintenance 



The Permittee must at all times properly operate and maintain all facilities and systems 
of disposal and control (and related appurtenances) which are installed or used by the 
Permittee to achieve compliance with the conditions of this Permit.  Proper operation and 
maintenance includes effective performance, adequate funding, adequate operator 
staffing and training, and adequate process controls, including appropriate quality 
assurance/quality control procedures.  This provision requires the operation of back-up or 
auxiliary facilities or similar systems only when necessary to achieve compliance with the 
conditions of this Permit. [6 CCR 1007-3, Section 100.42(e)]. 



I.E.7  Duty to Provide Information 
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The Permittee must furnish to the Director, within a reasonable time, any relevant 
information which the Director may request, to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Permit, or to determine compliance 
with this Permit.  The Permittee must also furnish to the Director, upon request, copies of 
records required to be kept by this Permit. [6 CCR 1007-3, Sections 264.74(a), 100.42(h)]. 



I.E.8  Inspection and Entry 



The Permittee must allow the Director, or an authorized representative, upon the 
presentation of credentials and other documents as may be required by law, to: 



I.E.8.a Enter at reasonable times upon the Permittee's premises where a regulated 
facility or activity is located or conducted, or where records must be kept 
under the conditions of this Permit;  



I.E.8.b Have access to and copy, at reasonable times, any records that must be kept 
under the conditions of this Permit; 



I.E.8.c Inspect at reasonable times any facilities, equipment (including monitoring and 
control equipment), practices, or operations regulated or required under this 
Permit; and 



I.E.8.d Sample or monitor, at reasonable times, for the purposes of assuring Permit 
compliance or as otherwise authorized by the Act, any substances or 
parameters at any location. [6 CCR 1007-3, Section 100.42(i)]. 



I.E.9  Monitoring and Records 



I.E.9.a Samples and measurements taken for the purpose of monitoring must be 
representative of the monitored activity.  If the Department finds, based on 
tests, studies, or other information, that the sampling or analytical methods 
being used are inadequate to achieve the performance objectives of the 
activity, the Director may require use of alternative methods which the 
Department finds are adequate to meet the performance objectives of the 
activity. [6 CCR 1007-3, Sections 100.42(j)(1) and 260.12]. 



I.E.9.b The Permittee must retain records of all monitoring information, including all 
calibration and maintenance records and all original written, printed or 
electronic recordings for continuous monitoring instrumentation, copies of all 
reports and records required by this Permit, and records of all data used to 
complete the application for this Permit from the date of the sample, 
measurement, report, record, certification, or application until post-closure 
care is terminated.  This period may be extended by request of the Director at 
any time and is automatically extended during the course of any unresolved 
enforcement action regarding this facility.  The Permittee must maintain 
records from all ground-water monitoring wells and associated ground-water 
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surface elevations for the post-closure care period. [6 CCR 1007-3, Sections 
264.74(b) and 100.42(j)(2)]. 



I.E.9.c Pursuant to 6 CCR 1007-3, Section 100.42(j)(3), records of monitoring 
information must include: 



i.  The dates, exact place, and times of sampling or measurements; 



ii.  The individuals who performed the sampling or measurements; 



iii. The date(s) analyses were performed; 



iv.  The individuals who performed the analyses; 



v.  The analytical techniques or methods used; and 



  vi.  The results of such analyses. 



I.E.10  Reporting Planned Changes 



The Permittee must give notice to the Director, as soon as possible, of any planned 
physical alterations or additions to the permitted facility. [6 CCR 1007-3, Section 
100.42(l)(1)]. 



I.E.11 Reporting Anticipated Noncompliance 



The Permittee must give advance notice to the Director of any planned changes in the 
permitted facility or activity which may result in noncompliance with Permit 
requirements. [6 CCR 1007-3, Section 100.42(l)(2)]. 



I.E.12 Repairs    



Repairs must be conducted and documented in accordance with the Inspection and 
Maintenance Plan contained in Permit Attachment C.  The comments section of the 
“Repair Certification” form must indicate whether the feature being repaired is now 
functioning in a manner that complies with this Permit.  The Permittee must continue 
post-closure care of the facility to the extent possible unless limited by repairs during the 
repair process.  



I.E.13 Transfer of Permits 



This Permit is not transferable to any person, except after notice to the Director.  The 
Director may require modification or revocation and reissuance of the Permit.  Before 
transferring ownership or operation of the facility during its post-closure care period, the 
Permittee must notify the new owner or operator in writing of the requirements of 6 CCR 
1007-3, Parts 264 and 100, and of this Permit. [6 CCR 1007-3, Sections 100.42(l)(3), 
100.62, and 264.12(c)]. 



I.E.14 Twenty-Four Hour Reporting 
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I.E.14.a  The Permittee must report to the Director any noncompliance which may 
endanger health or the environment.  Any such information must be reported 
orally within 24 hours from the time the Permittee becomes aware of the 
circumstances.  The report must include the following: 



i.  Information concerning release of any hazardous waste that may cause an 
endangerment to public drinking water supplies. 



ii.  Any information of a release or discharge of hazardous waste or of a fire 
or explosion from the hazardous waste management facility which could 
threaten the environment or human health outside the facility. 



I.E.14.b  The description of the occurrence and its cause must include: 



i.  Name, address, and telephone number of the owner or operator; 



ii.  Name, address, and telephone number of the facility; 



iii. Date, time, and type of incident; 



iv.  Name and quantity of materials involved; 



v.  The extent of injuries, if any; 



vi.  An assessment of actual or potential hazards to the environment and 
human health outside the facility, where this is applicable; and 



vii. Estimated quantity and disposition of recovered material that resulted 
from the incident. 



I.E.14.c  A written submission must also be provided within five days of the time the 
Permittee becomes aware of the circumstances.  The written submission must 
contain a description of the noncompliance and its cause; the period(s) of 
noncompliance (including exact dates and times); whether the noncompliance 
has been corrected; and, if not, the anticipated time it is expected to 
continue; and steps taken or planned to reduce, eliminate, and prevent 
recurrence of the noncompliance.  The Director may waive the five-day written 
notice requirement in favor of a written report within 15 days.  [6 CCR 1007-3, 
Section 100.42(l)(6)]. 



I.E.15 Other Noncompliance 



The Permittee must report all other instances of noncompliance not otherwise required to 
be reported in Permit Conditions I.E.10, I.E.11, and I.E.14., at the time annual monitoring 
reports are submitted.  The reports must contain the information listed in Permit 
Condition I.E.14. [6 CCR 1007-3, Section 100.42(l)(7)]. 



I.E.16 Other Information 
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Whenever the Permittee becomes aware that it failed to submit any relevant facts in the 
Permit application, or submitted incorrect information in the Permit application or in any 
report to the Director, the Permittee must submit such facts or information within thirty 
(30) calendars days. [6 CCR 1007-3, Section 100.42(l)(8)]. 



I.F  SIGNATORY REQUIREMENT 



All applications, reports, or information submitted to or requested by the Director, their 
designee, or authorized representative, shall be signed and certified in accordance with 6 
CCR 1007-3, Section 100.44(a). [6 CCR 1007-3, Section 100.42(k)]. 



I.G  REPORTS, NOTIFICATIONS, AND SUBMISSIONS TO THE DIRECTOR OR DESIGNEE 



All reports, notifications, or other submissions which are required by this Permit to be sent 
or given to the Director and/or the Department should be sent by certified mail (or any 
other means that establishes proof of delivery) to: 



Colorado Department of Public Health and Environment 



Hazardous Materials and Waste Management Division 



HMWMD-HWC-B2 



4300 Cherry Creek Drive South 



Denver, Colorado  80246-1530 



If a report, notification, or other submission is sent by e-mail, the document must be e-
mailed to the current project manager at the Department assigned to DACWPF. The text of 
the email must include language requesting the current project manager to reply and 
confirm receipt of the e-mail and any attachment to the e-mail. An e-mail and any 
attachment to the e-mail will not be deemed to have been received by the Director until the 
current project manager sends a reply confirming receipt of the e-mail and any attachment 
to the e-mail.   



I.H  CONFIDENTIAL INFORMATION 



In accordance with 6 CCR 1007-3, Part 2, the Permittee may claim confidential any 
information required to be submitted by this Permit. 



I.I   DOCUMENTS TO BE MAINTAINED AT THE POST-CLOSURE OPERATIONAL OFFICE 



The Permittee must maintain at the designated post-closure operational office, until post-
closure care is completed and certified by an independent, Colorado registered Professional 
Engineer, the following documents and all amendments, revisions and modifications to these 
documents: 



I.I.1  Waste Analysis Plan (Permit Attachment B). [6 CCR 1007-3, Section 264.13]. 
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I.I.3  Inspection Schedules (Permit Attachment C).  [6 CCR 1007-3, Section 
264.15(b)(2)]. 



I.I.4  Personnel Training Plan (Permit Attachment I) and records required by that plan.  
[6 CCR 1007-3, Section 264.16(d)]. 



I.I.5  Contingency Plan (Permit Attachment D).  [6 CCR 1007-3, Section 264.53(a)]. 



I.I.6  All other documents required by Permit Condition I.E.9. 



I.I.7  This Permit and all approved modifications. 



I.I.8  Most recent Annual Report. 



 



PART II:  GENERAL FACILITY CONDITIONS 



 



II.A  DESIGN AND OPERATION OF FACILITY 



The Permittee must conduct post-closure care operations pursuant to the conditions of this 
Permit at the facility to minimize the possibility of a fire, explosion, or any unplanned, 
sudden or non-sudden release of hazardous waste constituents to air, soil, or surface water 
or groundwater which could threaten human health or the environment. [6 CCR 1007-3, 
Section 264.31]. 



II.B  GENERAL WASTE ANALYSIS 



The Permittee must follow the waste analysis procedures for the ground-water collected 
pursuant to the ground-water monitoring program and for the reconstructed cell leachate as 
described in the attached Waste Analysis Plan, Permit Attachment B. [6 CCR 1007-3, Section 
264.13]. 



II.C  PERSONNEL TRAINING 



The Permittee must conduct personnel training.  This training program must follow the 
attached Personnel Training Plan, Permit Attachment I. [as required by 6 CCR 1007-3, 
Section 264.16].   



II.D  PREPAREDNESS AND PREVENTION 



II.D.1 Required Equipment 



At a minimum, the Permittee must maintain at the facility, or have available 
when on site at the facility, the equipment set forth in the Contingency Plan, 
Permit Attachment D.  [6 CCR 1007-3, Section 264.32]. 



II.D.2 Testing and Maintenance of Equipment 
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The Permittee must test and maintain the equipment specified in Permit 
Condition II.D.1, as necessary, to assure its proper operation in time of 
emergency. [6 CCR 1007-3, Section 264.33]. 



II.D.3 Access to Communications System 



The Permittee must provide communication devices (e.g., radios, cell phones, 
etc.) as set forth in the Contingency Plan, Permit Attachment D.  [6 CCR 1007-3, 
Section 264.34]. 



II.D.4 Arrangements with Local Authorities 



The Permittee must attempt to maintain arrangements with state and local 
authorities as set forth in the Preparedness and Prevention Plan, Permit 
Attachment D.  If state or local officials refuse to enter into the preparedness and 
prevention arrangement with the Permittee, the Permittee must document this 
refusal. [6 CCR 1007-3, Section 264.37]. 



II.E CONTINGENCY PLAN 



II.E.1  Implementation of Plan 



The Permittee must immediately carry out the provisions of the Contingency Plan, 
Permit Attachment D, whenever there is a fire, explosion, or release of hazardous 
waste or constituents which could threaten human health or the environment. 



II.E.2  Copies of Plan 



The Permittee must keep a copy of the Contingency Plan and all revisions at the 
designated post-closure operational office, and ensure that a copy is available at 
the facility when field operations personnel are at the facility.  The Permittee 
must submit copies of the plan with all relevant maps, figures, and revisions to all 
local fire departments, hospitals and local emergency response teams that may be 
called to provide emergency services. [6 CCR 1007-3, Section 264.53]. 



II.E.3  Amendments to Plan 



The Permittee must review and immediately amend, if necessary, the 
Contingency Plan if: 



II.E.3.a. The Permit is revised; 



II.E.3.b.  The plan fails in an emergency; 



II.E.3.c.  The facility changes -- in its design, construction, operation, maintenance, 
or other circumstances -- in a way that materially increases the potential for 
fires, explosions, or releases of hazardous waste or hazardous waste 
constituents, or changes the response necessary in an emergency; 
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II.E.3.d.  The list of emergency coordinators changes; or 



II.E.3.e. The list of emergency equipment changes. 



[6 CCR 1007-3, Section 264.54]. 



II.E.4  Emergency Coordinator 



A trained emergency coordinator must be available at all times in case of an 
emergency. [6 CCR 1007-3, Section 264.55]. 



The names, addresses, and phone numbers of all persons qualified to act as 
emergency coordinators must be supplied to the Director or his designee.  [6 CCR 
1007-3, Section 264.52(d)]. 



The emergency coordinator and their alternate are listed in Permit Attachment D. 



II.F  MANIFEST SYSTEM 



The Permittee must comply with the manifest requirements of 6 CCR 1007-3, Part 262, and 
Sections 264.71 and 264.72 when and if hazardous wastes are shipped off-site. 



II.G  FINANCIAL ASSURANCE AND COST ESTIMATE FOR FACILITY POST-CLOSURE CARE 



II.G.1 The Permittee must maintain financial assurance during the post-closure period 
and comply with all applicable requirements of 6 CCR 1007-3 Part 266.  [6 CCR 
1007-3 266.14]. 



II.G.2 During the post-closure care period for the facility, the Permittee shall adjust and 
revise in accordance with the regulations the post closure cost estimate in 
accordance with 6 CCR 1007-3 §266.13(b) and (c). 



II.G.3 The Permittee shall keep at the post-closure care offices the latest  post closure 
cost estimate prepared in accordance with 6 CCR 1007-3 §266.13(a) and (c) and, 
when this estimate has been adjusted or revised in accordance with Condition 
II.G.2., the latest adjusted/revised post closure cost estimate. [6 CCR 1007-3, 
§266.13(d)] 



II.H  LAND DISPOSAL RESTRICTIONS 



The Permittee must comply with all applicable 6 CCR 1007-3, Part 268 regulations. 



II.I  PROHIBITED USES 



The Permittee is prohibited from accepting for storage and/or disposal at the reconstructed 
cell any hazardous waste, and from bringing onto the facility any hazardous waste for 
storage and/or disposal at the reconstructed cell. 



 



PART III: POST-CLOSURE CARE 
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III.A  SUMMARY OF POST-CLOSURE CARE OPERATIONS 



A summary of the post-closure care operations to be conducted at the facility is described 
below.  Closure certification for the entire DACWPF, including the reconstructed cell 
facility, was received by the Director on March 8, 1990.  The post-closure period was 
initiated after closure, and with this renewal Permit, post-closure care of the reconstructed 
cell will continue for the next ten (10) years.  The Department may shorten or extend the 
post-closure care period.  Post-closure care must be implemented in accordance with the 
conditions of this Permit.  Post-closure care, monitoring and maintenance will include, but 
not be limited to, routine facility inspections; ground water and leachate sampling, analysis 
and statistical evaluation; recordkeeping, reporting and implementation of facility repairs 
and remedial activities as deemed necessary. [6 CCR 1007-3, Sections 264.110 and 264.117]. 



III.B  POST-CLOSURE PROCEDURES AND USE OF PROPERTY  



III.B.1 The Permittee must conduct post-closure care for the reconstructed cell pursuant 
to this Permit, to begin on the effective date of this Permit. 



III.B.2 The Permittee must maintain and monitor the ground-water monitoring system in 
accordance with this Permit. [6 CCR 1007-3 Part 264 Subpart F]. 



III.B.3 The Permittee must comply with the requirements for landfills at the 
reconstructed cell, as follows:   



III.B.3.a  Maintain the integrity and effectiveness of the final cover and liner systems, 
including making repairs to the cap, as necessary, to correct the effects of 
settling, subsidence, erosion, or other events, and evaluate the secondary 
sump leachate as an indicator of the integrity of the liner system; 



III.B.3.b  Continue to operate the leachate collection and removal system whenever 
leachate is detected; 



III.B.3.c  Maintain and monitor the ground-water monitoring system and comply with 
all other ground-water related Permit conditions; 



III.B.3.d  Prevent run-on and run-off from eroding or otherwise damaging the final 
cover; and 



III.B.3.e  Protect and maintain the following surveyed benchmarks which are 
illustrated in Permit Attachment E, Figure E-1: 



BM-1A 



BM-2A 



  [6 CCR 1007-3, Section 264.310(b)]. 
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III.B.4 The Permittee must not allow any use of the reconstructed cell which will disturb 
the integrity of the final cover, liners, any components of the containment 
system, or the function of the reconstructed cell’s monitoring systems during the 
post-closure care period.  [6 CCR 1007-3 264.117(c)]. 



III.B.5 The Permittee must conduct all post-closure care activities in accordance with 
the provisions of this Permit. [6 CCR 1007-3 Sections 264.117(d) and 264.118(b)]. 



III.C  SECURITY 



The Permittee must maintain security at the facility during the post-closure care period, in 
accordance with the conditions of this Permit.  [6 CCR 1007-3, Section 264.117(b)].  The 
reconstructed cell and groundwater monitoring wells and piezometers at the facility are 
completely surrounded by a security fence to control unauthorized entry as illustrated on 
Permit Attachment A-1, Figure 2.  The security fence is a six foot high chain link fence with 
3 strands of barbed wire across the top.  It has a main gate which is kept closed and locked 
24 hours a day except when authorized personnel need access to the reconstructed cell and 
groundwater monitoring wells and piezometers at the facility.  Nevertheless, semi-annual 
inspections of security facilities in accordance with the Inspection Schedule (Permit 
Attachment C) must assure that access to the reconstructed cell and groundwater 
monitoring wells and piezometers at the facility by unauthorized personnel is not permitted 
and that the security system is well maintained.  All locks must be repaired or replaced 
immediately after they are found to be broken.  Any damage to the fence or gate must be 
repaired as soon as reasonably possible (repairs must be initiated no later than one month of 
their identification). 



In accordance with 6 CCR 1007-3, Section 264.14 (c), warning signs are posted on the 
security fence and must be maintained.  The warning signs must be visible from a distance 
of twenty five (25) feet, indicate that only authorized personnel are allowed to enter and 
that entry may be dangerous. 



III.D  GENERAL INSPECTION REQUIREMENTS 



The Permittee must follow the inspection schedule set out in Permit Attachment C.  The 
Permittee must inspect the components, structures and equipment located at the facility 
and used for facility operations in accordance with the Inspection Schedule.  The Permittee 
must remedy any deterioration or malfunction discovered by an inspection, as detailed in 
Permit Attachment C. [6 CCR 1007-3, Sections 264.15(c) and 264.118(b)].  Records of 
inspections must be kept for the duration of the post-closure care period. 



III.E  NOTICES AND CERTIFICATION 



III.E.1 If the Permittee or any subsequent owner or operator of the land upon which the 
reconstructed cell is located, wishes to remove hazardous wastes and hazardous 
waste residues, the liner, or contaminated soils, then he/she must request a 
modification to this Permit in accordance with the applicable requirements in 6 
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CCR 1007-3 Parts 264 and 100.  The Permittee or any subsequent owner or 
operator of the land must demonstrate that the removal of hazardous wastes will 
satisfy the criteria of 6 CCR 1007-3, Section 264.117(c).  [6 CCR 1007-3, Section 
264.119(c)]. 



III.E.2 In the event the Division determines that post-closure care may cease, no later 
than 60 days after such determination the Permittee must submit to the Director, 
or designee, by registered mail, a certification that the post-closure care for the 
reconstructed cell was performed in accordance with the specifications in this 
Permit.  The certification must be signed by the Permittee and an independent, 
Professional Engineer, registered in the State of Colorado.  Documentation 
supporting the independent, registered Professional Engineer's certification must 
be furnished to the Director upon request until the Director releases the 
Permittee from the financial assurance requirements for post-closure care under 6 
CCR 1007-3, Section 266.14.  [6 CCR 1007-3, Section 264.120]. 



III.F  POST-CLOSURE PERMIT MODIFICATIONS 



III.F.1 The Permittee must request a permit modification to authorize a change in this 
Permit.  This request must be in accordance with applicable requirements of 6 
CCR 1007-3 Parts 100 and 264, and must include a copy of the modification for 
approval by the Director.  The Permittee must request a permit modification 
whenever changes in operating plans or facility design affect this Permit or post-
closure care activities, there is a change in the expected year of post-closure care 
termination, or other events occur during the post-closure life of the facility that 
affect this Permit or post-closure care activities.  The Permittee must submit a 
written request for a permit modification at least 60 days prior to the proposed 
change in facility design or operation, or no later than 60 days after an 
unexpected event has occurred which has affected this Permit or post-closure 
care activities.  [6 CCR 1007-3 264.118(d)]. 



III.F.2 If the Permittee determines the detection monitoring program no longer satisfies 
the requirements of 6 CCR 1007-3, Section 264.98, the Permittee must, within 90 
days of the determination, submit an application for a permit modification 
according to the procedures specified in 6 CCR 1007-3, Part 100 to make any 
appropriate changes to the program. [6 CCR 1007-3, Section 264.98(h)]. 



 



PART IV:  GROUND-WATER AND LEACHATE MONITORING SYSTEMS 



 



IV.A  RCRA GROUND-WATER MONITORING PROGRAM  



The Permittee will conduct groundwater monitoring of the reconstructed cell for the length 
of the post-closure care period in accordance with the Groundwater Monitoring and 
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Statistical Evaluation Procedures, Permit Attachment F.  The Permittee must maintain the 
groundwater monitoring wells specified in Permit Attachment C to ensure that they are 
suitable for use as RCRA groundwater monitoring wells.   



IV.B.  MONITORING OF THE UPPER AND INTERMEDIATE SANDSTONE UNITS 



The Director believes that there is the possibility that a leak in the reconstructed cell could 
manifest itself in two sandstone units in the vicinity of the reconstructed cell -- the upper 
and intermediate sandstone units.  Thus, in addition to the RCRA groundwater monitoring 
described in Section IV.A. of this Permit, the Permittee must also monitor the groundwater 
within these two sandstone units.  The required monitoring of these sandstone units is 
specified in the Sandstone Units & Leachate Monitoring Plan, Permit Attachment G. 



IV.C.  LEACHATE MONITORING PROGRAM AND MANAGEMENT 



The Permittee will monitor the leachate in accordance with Permit Attachment G.  The 
Permittee will also inspect and manage the leachate collected from the primary and 
secondary leachate collection systems in accordance with Permit Attachment C. 



 



PART V:  CORRECTIVE ACTION FOR SOLID WASTE MANAGEMENT UNITS 



 



V.A DEFINITIONS 



Any term found in the Permit will be defined as in the Colorado Hazardous Waste 
Regulations.   



V.B SUMMARY OF RFA FINDINGS/RESULTS 



The following Solid Waste Management Units (SWMUs) were identified by the Director during 
the RCRA Facility Assessment (RFA): 



SWMU NO. 1: Reconstructed Waste Disposal Cell 



The Reconstructed Cell is comprised of a southern clean closed surface impoundment (pond 
3) and two reconstructed disposal cells (ponds 1 and 2) north of the clean closed surface 
impoundment.  Pond 3 was clean closed and no further action is required under the 
Corrective Action provisions of this Permit. 



Post-closure care of the reconstructed cell will be conducted in accordance with this Permit.  
As such, no further action is required at this unit under the Corrective Action provisions of 
this Permit.   



SWMU NO. 2: Section 32 Municipal Sludge Disposal Area 



Municipal sludge disposal farming operations occurred on the land in Section 32 of Township 
4 South, Range 65 West in which the facility is located.  The Director’s RFA indicated the 
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possible disposal of hazardous waste or Appendix VIII hazardous constituents (6 CCR 1007-3; 
Section 261) at the municipal sludge disposal farming areas.  These constituent 
concentrations were evaluated as part of the clean closure equivalency demonstration.  No 
further action is required under the Corrective Action provisions of this Permit. 



V.C NOTIFICATION REQUIREMENTS FOR NEWLY-DISCOVERED RELEASES AT SWMUs 



The Permittee must notify the Director or designee, in writing, of any newly discovered 
release(s) of hazardous waste including hazardous constituents discovered at the facility 
during the course of ground-water monitoring, field investigation, environmental auditing, or 
other activities, no later than fifteen (15) calendar days after discovery.  Such 
newly-discovered releases may be from newly-identified units, or from units for which, 
based on the findings of the RFA, the Director had previously determined that no further 
investigation was necessary.  After such notification, the Director may request, in writing, 
that the Permittee prepare a plan to further investigate the newly-identified release(s) and 
a proposed schedule of implementation and completion of such plan. 
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Colorado Hazardous Waste Notification  
RCRA Part A Permit Application 



  











MAIL FORM TO: 
CDPHE 
HMWMD-B2 
4300 Cherry Creek Dr. S. 
Denver, CO  80246-1530 



COLORADO HAZARDOUS WASTE 



NOTIFICATION FORM 
Replaces EPA Form 8700-12, 8700-13A/B, and Page 1 of 8700-23 



1. Reason for Submittal: (Mark ‘X’ in the appropriate boxes)



 Initial notification and obtain an EPA ID Number for hazardous waste, universal waste, or used oil activities.  
 Subsequent notification to update information (Sec. 2-6 and 10 must be completed). 
 Initial or Revised RCRA Hazardous Waste Part A Permit Application (Page 3-7 of 8700-23 must also be submitted). 
 Component of a biennial Hazardous Waste Report and a subsequent notification. 



2. Site EPA ID Number: County Name: 



3. Site Legal Name/Operator:



4. Site Location Information:    Street Address:



 City or Town: State:     CO Zip Code: 



5. Site Land Type:   Private      County      District      Federal    Indian     Municipal      State      Other
6. North American Industry Classification System



(NAICS) Code(s) for the Site:
A. B. C.



7. Site Mailing Address   Same as Location   Street Address:



 City or Town: State: Zip Code: 



8. Site Contact Person First Name: MI: Last Name: 



 Job Title: Phone Number: Extension: 
 Address same as  Location   Mailing  
 Street Address:  



 City or Town: State: Zip Code: 



E-mail Address:
9. Name of Site’s Owner: Phone Number: 



Address same as  Location   Mailing   Contact  
Owners Street Address:  



 City or Town: State: Zip Code: 
 Owner Type:   Private      County      District      Federal      Indian      Municipal      State      Other 



10. Type of Regulated Waste Activity (Mark ‘X’ in the appropriate boxes for all current activities in Sections 10. A-C).



A. Hazardous Waste Activities   For Items 3 through 7, check all that apply:
1. Generator of Hazardous Waste (regular monthly generation rate/choose only one)
  a. LQG:  Greater than 1,000 kg/mo (2,200 lbs.) of non-acute hazardous waste; or 
  b.  SQG:  100 to 1,000 kg/mo (220 - 2,200 lbs.) of non-acute hazardous waste; or 
  c. CESQG:  Less than 100 kg/mo of non-acute hazardous waste 



NOTE:  The Department recommends that a facility that episodically or sporadically generates more waste than their regular monthly 
generation rate allows notify at the larger generator status in order to maintain a consistent waste management system and avoid continual re-
notification.  



2. One-Time Generation (not normally a hazardous waste generator or one-time exceedance of regular monthly generation rate)



 Large Quantity Generator; or      Small Quantity Generator; or      Conditionally Exempt Generator



  NOTE:  A one-time generator number is active for only one month.  If the facility needs to keep their number active for more than one month
  or if they exceed their regular generation rate for more than one month, they should check the appropriate box in 10.A.1 and notify the  
  Department when the number is no longer needed or they return to their regular monthly generation rate.  



3. United States Importer of Hazardous Waste  



4. Mixed Waste Generator  (hazardous and radioactive) 



DACWPF RECONSTRUCTED CELL FACILITY/WASTE MANAGEMENT OF COLORADO, INC.



ARAPAHOECOD000695007



25700 E. YALE AVE.



AURORA 80014



X



562211



2400 W. UNION AVENUE



ENGLEWOOD CO 80110



TOM S. SCHWEITZER



SENIOR ENGINEER (303) 914-1445



X



X



 X



X

















 



                                                                           



         



            



 



         



    



       



        



            



         



 



 



     



          



 



        



               



                             



                             



                             



                             



                             



                             



                             



        



       



 



 



 



 



 



 



                      EPA ID Number 



United States Environmental Protection Agency
 



HAZARDOUS WASTE PERMIT PART A FORM
 



1. Facility Permit Contact



First Name MI Last Name 



Title 



Email 



Phone Ext Fax 



2. Facility Permit Contact Mailing Address



Street Address 



City, Town, or Village 



State Country Zip Code 



3. Facility Existence Date (mm/dd/yyyy)



4. Other Environmental Permits



A. Permit Type B. Permit Number C. Description



5. Nature of Business



EPA Form 8700‐12, 8700‐13 A/B, 8700‐23 Page __ of __ 
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EPA ID Number 



6. Process Codes and Design Capacities



Line A. Process Code
B. Process Design Capacity



C. Process Total
Number of Units



D. Unit Name
Number (1) Amount



(2) Unit of
Measure



7. Description of Hazardous Wastes (Enter codes for Items 7.A, 7.C and 7.D(1) )



Line No. 



A. EPA Hazardous



Waste No.



B. Estimated



Annual 



Qty of



Waste



C. Unit of



Measure



D. Processes



(1) Process Codes 
(2) Process Description



(if code is not entered in 7.D1)) 



8. Map



Attach to this application a topographical map, or other equivalent map, of the area extending to at least one mile beyond
property boundaries. The map must show the outline of the facility, the location of each of its existing intake and discharge
structures, each of its hazardous waste treatment, storage, or disposal facilities, and each well where it injects fluids under‐
ground. Include all spring, rivers, and other surface water bodies in this map area. See instructions for precise require‐
ments. 



9. Facility Drawing



All existing facilities must include a scale drawing of the facility. See instructions for more detail. 



10. Photographs



All existing facilities must include photographs (aerial or ground‐level) that clearly delineate all existing structures; existing
storage, treatment, and disposal areas; and sites of future storage, treatment, or disposal areas. See instructions for more 
detail. 



11. Comments



EPA Form 8700‐12, 8700‐13 A/B, 8700‐23 Page __ of __ 
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May 26, 2015  
 
Mr. Tom Schweitzer, P.E. 
Engineering Manager 
Waste Management of Colorado 
2400 W. Union Avenue 
Englewood, CO   80110 
 
Subj: Class 1 Permit Modification Request  
 DACWPF Reconstructed Cell Facility, Arapahoe County, CO 
 State RCRA Permit #CO-09-30-09-01 
 
Dear Mr. Schweitzer,  
 
The Hazardous Materials and Waste Management Division (“the Division”) of the 
Colorado Department of Public Health and Environment has reviewed the Class 1 
Modification Request dated May 18, 2015 and received by the Division on May 19, 2015 
by email.  The Division approves the Modification Request as submitted and the 
changes have been incorporated into the permit.  A copy of the modifications shall be 
sent by the Facility to all persons on the current mailing list pursuant to 
100.63(a)(1)(ii).    
 
If you have any questions or need additional information, please contact me at 303-
692-3310 or by email at charles.adams@state.co.us.   
  
Best Regards,  
 
 
 
Charles Adams, CPG       
Hazardous Waste Corrective Action Unit    
Solid & Hazardous Waste Program 
 
ec:    
Tom Butts, Director of Environmental Health, Tri-County Health Department 
Rob Beierle, CDPHE/HMWMD 
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An Alaska Native Corporation 



26 West Dry Creek Circle, Suite 470 ♦ Littleton, CO 80120 ♦ 303‐695‐4660 
 
October	18,	2016	 	 S162063	



	
Denver	Arapahoe	Chemical	Waste	Processing	Facility	(DACWPF)	
Waste	Management	of	Colorado,	Inc.	
2400	West	Union	Avenue	
Englewood,	CO	80110	
	
Attention:	 Tom	Schweitzer	



Site	Engineer	
	
RE:	 Installation	of	Replacement	Well	P‐114A‐R	and	Abandonment	of	Well	P‐114A	



DACWPF	Reconstructed	Cell	Facility	
DADS	Landfill,	Aurora,	Colorado	



	
Dear	Mr.	Schweitzer:	
	
Swift	River	Environmental	Services,	 Inc.	(Swift	River)	 is	pleased	to	provide	this	summary	
report	and	work	products	for	the	installation	and	completion	of	new	replacement	well	P‐
114A‐R,	and	abandonment	of	former	well	P‐114A	at	DACWPF.	 	This	work	was	performed	
between	July	11	and	14,	2016,	under	the	work	plan	approved	by	Colorado	Department	of	
Public	 Health	 and	 Environment	 (CDPHE),	 Corrective	 Action	 Unit,	 on	 June	23,	 2016	 and	
under	our	scope	of	work	dated	March	4,	as	authorized	by	Waste	Management	of	Colorado,	
Inc.	(WMC)	on	June	21,	2016.			
	
Background	for	the	Replacement	Well	Purpose,	Location,	and	Installation	
	
Field	parameters	measured	at	well	P‐114A	during	the	second	half	2015	well	purging	and	
sampling	 activities	 showed	 anomalously	 high	 pH	 levels.	 	 A	 downhole	 camera	 survey	
showed	 evidence	 of	 fluid	movement	 and	 precipitate	 formation	 above	 groundwater	 level	
within	 the	 well	 casing	 and	 suspended	 material	 in	 groundwater.	 	 These	 conditions	
suggested	that	a	well	integrity	issue	might	be	the	cause	of	the	observed	anomalies.		Based	
on	 these	 observations,	 it	 was	 determined	 that	 well	 P‐114A	 could	 not	 produce	 reliable	
groundwater	 samples	 and	 the	well	 should	 be	 replaced.	 	 The	well	 integrity	 concern	was	
presented	in	the	2015	Annual	Groundwater	Report	submitted	to	CDPHE	on	March	1,	2016.		
Along	with	 that	 determination,	 the	 report	 recommended	 replacement	 of	well	 P‐114A	 in	
order	that	representative	groundwater	samples	could	be	obtained	as	required	by	the	Post‐
Closure	 Care	 Permit.	 	 In	 a	 letter	 dated	 May	13,	 2016,	 CDPHE	 agreed	 that	 the	 physical	
integrity	of	the	well	might	have	been	compromised	and	that	the	well	should	be	replaced.	
	
WMC	 obtained	 CDPHE	 approval	 of	 the	 replacement	 well	 work	 plan	 in	 a	 June	23	 email,	
including	approval	of	the	replacement	well	location	and	construction	details.		The	new	well	
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was	installed	and	ready	for	sampling	on	July	28.		CDPHE	agreed	in	a	June	24	email	that	the	
July	sampling	 field	and	 laboratory	analytical	data	could	be	considered	as	part	of	 the	 first	
half	2016	sampling	event.	
	
Well	 P‐114A‐R	 was	 drilled,	 installed,	 and	 developed	 in	 general	 accordance	 with	 the	
approved	work	plan,	as	follows.			
	
Preparation	



 A	qualified	driller,	Drilling	Engineers,	Inc.	(DEI)	of	Fort	Collins,	Colorado,	was	retained	
to	 advance	 the	 soil	boring,	obtain	 soil	 samples	 for	 lithologic	description,	 and	 install	
and	develop	well	P‐114A‐R	and	abandon	well	P‐114A.			



 Notice	of	Intent	(NOI)	to	Construct	Monitoring	Hole(s)	(Form	GWS‐51,	3/2013)	was	
filed	with	the	Colorado	Office	of	 the	State	Engineer	(OSE),	and	was	approved	by	the	
OSE	on	June	17,	2016.		A	copy	of	this	form	is	included	in	Attachment	1.	



 A	 site‐specific	 Health	 and	 Safety	 Plan	 (HASP)	was	 prepared.	 	Work	was	 performed	
using	Level	D	personal	protective	equipment	(PPE),	including	hard	hats,	gloves,	safety	
glasses,	 hearing	protection,	 and	 steel‐toed	boots.	 	 Field	personnel	were	 required	 to	
have	 40‐hour	 OSHA	 HAZWOPER	 training	 and	 current	 8‐hour	 training	 update	
certificates.			



 The	UNCC	 “one‐call”	utility	 locating	 service	was	 called	on	 June	16.	 	Responses	 from	
utilities	were	received	between	June	16	and	20,	2016.	



	
Well	Installation	



 The	 well	 installation	 work	 was	 performed	 between	 July	11	 and	14,	 2016,	 in	
accordance	with	the	following:	



o Waste	 Management	 “Typical	 Monitor	 Well/Piezometer	 Construction	
Standard,”	January	2002,	v.	6.2.	



o Waste	 Management	 “Groundwater	 Monitor	 Well	 Construction	 Standard	
(Submerged	Screen)”	(schematic).	



o Waste	 Management	 “Monitor	 Well/Piezometer	 Development	 Standard,”	
September	2000.	



o Waste	Management	“Well/Piezometer	Decommissioning	Standard.”	
o Colorado	 Office	 of	 the	 State	 Engineer,	 State	 Board	 of	 Examiners	 of	 Water	



Well	 Construction	 and	 Pump	 Installation	 Contractors,	 Water	 Well	
Construction	 Rules,	 2	 CCR	 402‐2,	 effective	 January	1,	 2005,	 and	 revisions	
effective	September	1,	2016.			



 DEI,	under	the	direct	supervision	of	a	Swift	River	hydrogeologist,	drilled	and	installed	
well	 P‐114A‐R	 at	 a	 location	 that	 is	 northeast	 of	 former	 well	 P‐114A	 and	
approximately	20	feet	closer	to	the	waste	area/rock	cover	of	the	reconstructed	cell.			



 On	July	11,	the	soil	boring	that	was	completed	as	well	P‐114A	was	drilled	to	a	depth	of	
99.0	feet	 below	 ground	 surface	 (bgs)	 using	 the	 hollow‐stem	 augering	method	 by	 a	
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CME	 75	 truck‐mounted	 rig.	 	 Continuous	 soil	 samples	 were	 collected	 from	 ground	
surface	 to	 total	depth	 for	 lithologic	description	and	 to	 identify	 the	 top	of	 the	 target	
water‐bearing	sand	stratum	(Lower	Sandstone).		Continuous	samples	were	collected	
in	 four	 or	 five‐feet	 long	 intervals	 from	 0	 to	 39	 feet	 below	 ground	 surface	 (bgs)	 in	
relatively	soft	subsurface	material	that	was	fine‐grained	sand,	silt,	and	clay;	in	2.5‐feet	
intervals	 from	39	 to	 84	 feet	 bgs	 in	 relatively	 harder	material	 that	was	 fine‐grained	
sand,	 silty	 sand,	 silt,	 clay,	 and	 claystone;	 and	 in	 one	 foot,	 four‐feet,	 and	 five‐feet	
intervals	 from	84	to	total	depth	 in	hard	and	moist	material	that	was	loose	to	dense,	
fine‐grained	 sand	 with	 occasional	 one‐foot	 thick	 intervals	 of	 indurated	 sandstone.		
The	top	of	the	Lower	Sandstone	was	encountered	at	85	feet	bgs.		With	the	exception	
of	two	inches	of	saturated	silt	observed	at	50	feet	bgs,	the	subsurface	material	in	the	
continuous	sample	barrel	was	dry	above	85	feet	bgs.	



 On	July	12,	the	depth	to	water	inside	the	augers	was	10.2	feet	bgs.		After	flushing	the	
augers,	groundwater	entered	at	the	bottom	of	the	borehole	at	a	rate	of	approximately	
0.6	feet	per	minute.		Based	on	this	confirmation	of	adequate	recharge	from	the	Lower	
Sand,	the	well	was	completed	with	a	slotted	PVC	well	screen	set	between	98	to	88	feet	
bgs	and	blank	PVC	pipe	from	88	feet	bgs	to	3.1	feet	above	ground	surface	(stickup).		
The	PVC	pipe	was	two‐inch	inner‐diameter	Schedule	40	with	threaded	joints	and	“O”	
ring	seals.		Sand	was	placed	around	the	screen,	using	a	tremie	pipe,	from	total	depth	
to	84	feet,	which	is	four	feet	above	the	top	of	the	screen.		A	bentonite	chip	seal	was	set	
from	84	to	80	feet	bgs	in	the	annulus	between	the	PVC	casing	and	the	borehole	wall	
and	hydrated	by	groundwater	present	within	the	well.			



Water	 pumped	 from	 the	 borehole,	 augers,	 and	 well	 during	 installation	 was	
containerized	and	handled	in	the	same	manner	as	DACWPF	leachate.		It	was	used	for	
dust	control	at	the	DADS	Subtitle	D	landfill	and	applied	to	areas	with	base	liner	at	a	
rate	to	minimize	ponding.		The	application	area	is	located	away	from	public	travel	and	
the	active	disposal	areas.			



 On	 July	 13,	 the	 depth	 to	 water	 inside	 the	 well	 had	 stabilized	 to	 approximately	
72.6	feet	 bgs.	 	 Grout	 was	 placed	 by	 side‐discharging	 tremie	 pipe	 into	 the	 annulus	
between	the	PVC	well	and	the	outside	of	borehole	to	4	feet	bgs.			



 On	 July	 14,	 the	 surface	 protection	 for	 the	 well	 was	 constructed.	 	 The	 surface	
completion	included	a	new,	six‐inch	diameter,	seven‐feet	long,	unpainted,	protective	
steel	 surface	 casing	 that	 extended	 from	 3.5	feet	 bgs	 to	 3.5	feet	 above	 ground.		
Concrete	was	poured	from	the	top	of	grout	at	4	feet	bgs,	both	inside	the	steel	casing	
and	between	the	steel	casing	and	the	borehole	wall,	to	form	the	upper	annual	seal	and	
to	 form	 the	 concrete	 surface	pad	 to	 stabilize	 the	 surface	protective	pipe.	 	The	 four‐
inch	 thick	well	pad	was	constructed	 inside	a	 four	 feet	by	 four	 feet	wood	 form.	 	The	
annulus	 between	 the	 steel	 casing	 and	 PVC	 pipe	 was	 filled	 with	 bentonite	 chips	 to	
approximately	 six	 inches	 above	 ground	 surface.	 	 The	 remaining	 annular	 space	was	
filled	with	sand	to	a	height	of	approximately	two	inches	below	the	top	of	PVC	casing.		
A	¼‐inch	weep	hole	was	drilled	into	the	protective	casing	at	approximately	six	inches	
above	ground	surface,	at	 the	bentonite/sand	interface.	 	Four	bollards	were	installed	
at	the	corners	of	the	concrete	pad.		The	bollards	were	four‐inch	diameter	steel	pipes	
filled	with	concrete.	 	The	bollards	were	installed	approximately	3	feet	below	ground	
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and	 extend	 approximately	 4	feet	 above	 ground	 surface.	 	 The	 bollards	 had	 been	
painted	bright	yellow	prior	to	being	transported	to	the	site	for	installation.	



 Swift	River	completed	a	soil	boring	log	for	the	new	well.		The	boring	log	includes	total	
depth,	 sample	 depth,	 geologic	 description	 and/or	 Unified	 Soil	 Classification	 System	
(USCS)	 description,	 and	 well	 completion	 details.	 	 Well	 location	 survey	 information	
provided	 by	WMC,	 including	 top	 of	 PVC	 casing	 elevation,	 ground	 surface	 elevation,	
and	northing/easting	coordinates,	are	included	on	the	boring	log.		The	soil	boring	log	
is	included	as	Attachment	2.	



 Swift	River	filed	the	Well	Construction	and	Test	Report	(Form	GWS‐31,	04/2012)	and	
Monitoring/Observation	 Water	 Well	 Permit	 Application	 (Form	 GWS‐46,	 11/2012)	
with	 the	 OSE,	 in	 an	 email	 dated	 September	 12,	 2016.	 	 Copies	 of	 these	 forms	 are	
included	as	Attachment	3.		OSE	requires	a	new	permit	to	be	issued	for	well	P‐114A‐R	
because	 the	 permit	 number	 associated	 with	 original	 well	 P‐114	 cannot	 be	 re‐
assigned.			



Well	Development	



 Well	P‐114A‐R	was	developed	on	July	14.		A	copy	of	the	development	form	is	included	
in	 Attachment	4.	 	 The	 depth	 to	 water	 in	 P‐114A	 prior	 to	 well	 development	 was	
75.95	feet	below	top	of	casing	(TOC)	and	total	well	depth	was	measured	at	101	feet	
below	 TOC.	 	 Ten	 wellbore	 volumes	 of	 water	 (approximately	 43	 gallons)	 were	
removed	during	development	by	surging	and	pumping.		During	well	development,	the	
groundwater	 level	 dropped	 by	 approximately	 23.25	feet.	 	 Development	 continued	
until	water‐quality	parameters	(specific	conductivity,	temperature,	and	pH)	stabilized	
within	10	percent	over	the	two‐hour	interval	of	well	development.	



Development	water	was	containerized	and	handled	in	the	same	manner	as	DACWPF	
leachate.	 	 It	was	used	for	dust	control	at	 the	DADS	Subtitle	D	 landfill	and	applied	to	
areas	with	base	 liner	at	a	rate	to	minimize	ponding.	 	The	application	area	is	 located	
away	from	public	travel	and	the	active	disposal	areas.	



Pump	Installation	



 A	 new	 QED	 low‐flow	 sampling	 pump	 and	 tubing	 (air	 displacement	 and	 water	
discharge)	 was	 installed	 prior	 to	 sampling.	 	 The	 pump	 is	 3.5	 feet	 long	 with	 a	 395	
milliliter	bladder.	 	The	pump	 is	 suspended	 in	 the	well	with	 the	pump	 inlet	 (sample	
collection	point)	 at	 approximately	98	 feet	below	TOC.	 	This	places	 the	pump	 intake	
approximately	 two	 feet	 below	mid‐screen.	 	 The	pump	was	 installed	 on	 July	27,	 one	
day	prior	to	purging	and	sampling	on	July	28.			



Construction	Water	Sample	Results	



 WMC	DADS	 Landfill	 provided	 the	 drilling	 contractor	with	water	 to	 clean	 tools	 and	
continuous	sampler	barrels	between	use	downhole	and	to	prepare	grout	and	cement.		
This	 construction	water	was	 obtained	 from	 the	DADS	water	 supply	 ECCV,	which	 is	
East	Cherry	Creek	Valley	Water	&	Sanitation	District	treated	water	supplied	to	DADS	
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and	accessed	by	a	hydrant	 located	at	 the	south	end	of	the	DADS	office	trailers.	 	The	
water	was	collected	in	a	previously	cleaned	water	tank	on	the	drill	rig	and	also	in	a	
previously	 cleaned	 water	 tank	 on	 the	 supply	 trailer.	 	 The	 drilling	 contractor	
transported	the	water	to	DACWPF	in	the	rig	and	supply	trailer	tanks.		A	sample	of	the	
construction	water	from	the	rig	tank,	designated	“Rig	Water,”	was	obtained	by	Swift	
River	 on	 July	12,	 2016	 and	 submitted	 for	 laboratory	 analysis	 for	 volatile	 organic	
compounds	 (VOCs),	 per	 WM’s	 “Typical	 Monitor	 Well/Piezometer	 Construction	
Standard.”	 	 The	 following	 VOCs	were	 detected	 between	 6.4	and	 11	micrograms	 per	
liter	(µg/L),	and	above	Reporting	Limits	(RLs):		bromodichloromethane,	bromoform,	
and	 dibromochloromethane,	 which	 are	 trihalomethanes	 (THMs).	 	 THMs	 are	
disinfection	by‐products	found	in	public	water	supplies	and	are	not	unexpected	in	the	
construction	water	sample.		In	drinking	water,	the	total	of	all	THMs	combined	cannot	
exceed	the	regulatory	limit	of	80	µg/L.	



Swift	 River	 recommends	 that	 the	 laboratory	 analytical	 results	 be	 retained	 in	 the	
DACWPF	files	should	THMs	be	detected	in	future	water	analyses	from	well	P‐114A‐R.		
A	copy	of	the	laboratory	report	of	construction	water	is	included	in	Attachment	5.	



Abandonment	of	Well	P‐114A	



 On	 July	14,	 former	well	P‐114A	was	abandoned	 in	accordance	with	Colorado	Water	
Well	Construction	Rules.		Prior	to	well	abandonment,	the	water	level	was	measured	at	
a	depth	of	77.71	feet	below	TOC.		Sand	was	placed	inside	the	two‐inch	diameter	PVC	
well	across	the	screen	from	total	well	depth	to	75	feet	below	TOC.		Grout	was	placed	
in	 the	well	 above	 the	sand	 to	a	depth	of	one	 foot	below	TOC.	 	The	metal	protective	
cover	was	pulled	directly	upward	and	out	of	the	ground.		The	top	10‐feet	long	section	
of	 PVC	 blank	 pipe	 snapped	 off	 at	 a	 joint	 and	 was	 removed	 from	 the	 ground.	 	 The	
upper	four	feet	of	open	hole	was	filled	with	surface	soil	and	manually	compacted.			



 As	 requested	 by	 Mr.	 Doug	 Stephenson,	 OSE	 Chief	 Well	 Inspector,	 Swift	 River	
completed	but	did	not	file	a	Well	Abandonment	Report	(Form	GWS‐09,	4/2012)	with	
the	OSE.	 	 In	a	 telephone	and	email	exchange	with	 the	OSE,	Mr.	Stephenson	directed	
Swift	 River	 to	 retain	 the	Well	 Abandonment	Report	 in	 “our”	 records,	 should	 future	
inquiries	be	made	about	well	P‐114A,	but	to	not	file	a	well	abandonment	report.		The	
reasons	for	OSE’s	request	include:		OSE	does	not	have	a	well	abandonment	record	of	
the	original	well	P‐114;	OSE	does	not	have	any	records	of	well	P‐114A	having	been	
drilled;	 and	 well	 P‐114A	was	 drilled	 by	 “others”	 but	 abandoned	 by	 Swift	 River	 on	
WMC’s	 behalf.	 	 A	 copy	 of	 the	 well	 P‐114A	 abandonment	 report	 form	 for	 WMC’s	
records	is	included	as	Attachment	6.			
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We	appreciate	WMC	consideration	of	Swift	River’s	services	for	DACWPF,	specifically	to	
assist	with	this	well	installation	and	abandonment	task.		If	you	have	any	questions,	please	
contact	us	by	telephone	at	(303)	695‐4660	or	by	email	to	
Cathryn.Stewart@SwiftRiverES.com	or	Steve.Wampler@SwiftRiverES.com.	
	
Sincerely,	
Swift	River	Environmental	Services,	LLC	
	



	
	
	
	



Cathryn	Stewart,	P.G.	 Stephen	Wampler,	P.E.	
Project	Manager	 General	Manager	
	
Attachments	
	
Attachment	1	Copy	of	Notice	of	Intent	to	Construct	(Form	GWS‐51,	3/2013)	
Attachment	2	Soil	Boring	Record	and	Well	Completion	Details	
Attachment	3	Copies	of	Well	Construction	and	Test	Report	 (Form	GWS‐31)	with	attached	



boring	log,	and	Monitoring/Observation	Water	Well	Permit	Application	Form	
(GWS‐46)	



Attachment	4	Record	of	Well	Development	
Attachment	5	Laboratory	Analytical	Results	of	Construction	Water	
Attachment	6	Copy	 of	Well	 Abandonment	 Report	 (Form	GWS‐09)	 (not	 submitted	 to	 OSE	



but	to	be	retained	in	WMC	files)	
	
cc:	 Lou	Bull,	WM	(e‐copy)	
	 Doc	Nyiro,	WMC	(e‐copy)	
	 Steve	Richtel,	WMC	(e‐copy)	
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Waste Analysis Plan 
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1.0 POST-CLOSURE WASTE STREAM 



There will be two waste streams during post-closure of the facility: 



 liquids that will be pumped from the reconstructed cell sumps, and  



 groundwater which will be pumped during semi-annual detection groundwater 
monitoring sampling events.   



1.1 Leachate 



A. Primary Leachate Collection Sump 



The source of water for the leachate that is being collected in the primary leachate collection sump of 



the reconstructed cell is precipitation that fell on the reconstructed cell from the time that construction 



of the primary liner system began until the first layer of the cap system (two feet of compacted clay) 



was complete on November 8, 1988.  There were only three significant precipitation events during that 



time period. 



The first rainfall (approximately 1-1/2 inches on June 13, 1988) occurred after placement of the 60 mil 



high density polyethylene (HDPE) synthetic liner over the 18-inch clay liner when the 12-inch sand 



and geotextile leachate collection system was about 70% complete.  Water from this rainfall event 



saturated the sand drainage layer.   



The second and third rainfall events (approximately 1/2 inch on August 3, 1988, and approximately 1/2 



inch on September 12, 1988) occurred after all the Pad C material had been placed in the reconstructed 



cell and after this material was covered with a temporary clay cover that was constructed out of the Pad 



C liner material.  This temporary cover was constructed with a depression for collecting any rainwater 



that fell on the reconstructed cell.  Water from the second and third precipitation events that collected 



in this depression was pumped within 12 hours into Pond 3 for subsequent stabilization and it is, 



therefore, unlikely that water that collected in the depression seeped through the temporary clay cover.   



Thus, on the basis of this construction history, the water that collects in the primary leachate collection 



sump is expected to be clean water that has come in contact with the sand layer only.  There is a 



possibility, however, that some of the water from the second and third precipitation events may have 



percolated through the temporary two-foot clay cover, and after slowly migrating through the waste 



material underlying the temporary clay cover, this water will ultimately be collected in the primary 











April 2019 B-2 18111727 
 



 



leachate collection sump.  Additionally, other nominal precipitation events occurring during the 



placement of the Pad C waste material into the reconstructed cell may result in contaminated leachate 



reaching the primary leachate collection sump. 



B. Secondary Leachate Collection sump 



There is no indication that any leachate from the primary leachate collection system has leaked into the 



secondary leachate collection system.  Thus, leachate collecting in the secondary leachate collection 



system is expected to consist solely of construction water within the 18-inch compacted clay layer 



portion of the primary composite liner.  The weight of the waste placed in the reconstructed cell has 



squeezed, and will continue to squeeze, some of the construction water out, and that water drains to and 



is collected in the secondary leachate collection sump.  None of that water should come into contact 



with hazardous waste. 



C. Management of Leachate  



The collected leachate was, from the beginning, shipped off-site for disposal at a hazardous waste 



facility as a precaution in the event that some of the sump liquids actually contacted waste materials 



and therefore could be classified as an F039 hazardous waste.  However, the Hazardous Waste 



Commission conditionally delisted this leachate on or about November 10, 1998. [6 CCR 1007-3, Part 



261, Appendix IX, Delisting No. 003].  Once removed from the sumps, the leachate will be managed 



(e.g., stored, used, disposed) in accordance with the conditional delisting. 



1.2 Groundwater 



The second waste stream will be groundwater which will be collected during the groundwater 



monitoring programs.  Groundwater will be stored in drums during detection groundwater monitoring 



sampling events and will be disposed of appropriately after receiving analytical results.  If the 



groundwater does not contain any contaminants above background (in accordance with Appendix F, 



including QA/QC verification and resampling as appropriate), it may be disposed of on the ground and 



such disposal area will not be considered a solid waste management unit.  If the groundwater contains 



contaminants above background (as determined in accordance with Appendix F, including QA/QC 



verification and resampling as appropriate), it will be disposed of in accordance with applicable 



requirements.    
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1.0 INSPECTION AND MAINTENANCE PLAN 



Post-closure inspections will be conducted at the reconstructed cell facility and documented by the 



Permittee for the duration of the post-closure care period.  A list of the inspections to be performed, 



their frequency and maintenance time frames will be kept by the Permittee. The inspection program is 



detailed below.  



INSPECTION AND MAINTENANCE PLAN 



 



(a) Groundwater wells visually inspected and monitored semiannually for: 



 



1. Broken seals or caps; 



2. Nonfunctional pumps; 



3. Cracked casings; 



4. Other broken or malfunctioning equipment; and 



5. Adequate labeling. 



 



(b) Piezometers visually inspected semiannually for: 



 



1. Broken seals or caps; 



2. Cracked casings;  



3. Other broken equipment; and 



4. Adequately painted and labeled. 



 



(c) Reconstructed cell cover visually inspected at least semi-annually for the duration of the post-



closure care period, and after all extreme weather events (tornados and 25-year, 24-hour 



precipitation events) and if any accident (such as a plane crash) occurs at the reconstructed cell, 



for: 



 



1. Cracks; 



2. Holes; 



3. Other breaches of the cell cap; 



4. Rodent burrows; 



5. Consistency of gravel cover; 



6. Erosion of cap;  



7. Evidence of subsidence; and 



8. Plants and corresponding roots that may penetrate and jeopardize the integrity of the 



reconstructed cell cover, which will be managed by pulling, cutting or herbicides. 



 



(d) Drainage channels and culverts inspected at least semi-annually for the duration of the post-closure 



care period, and after all extreme weather events and if any accident occurs at the reconstructed 



cell, for: 



 



1. Blockages (such as excessive vegetation); and 



2. Erosive damage. 
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(e) Perched water drain inspected at least semi-annually for the duration of the post-closure care period, 



and after all extreme weather events and if any accident occurs at the reconstructed cell. 



(f) Benchmarks inspected semi-annually for any observable damage or movement. 



 



(g) Security fence inspected at least semi-annually for: 



 



1. Broken or cut sections in chain link or barbed wire; 



2. Burrows under fence;  



3. Damaged or defective locks; and 



4. Signs and their visibility. 



 



(h) Leachate collection system inspected at least semi-annually for the duration of the post-closure care 



period for: 



 



1. Presence and depth of fluid in each of the primary and secondary sumps; 



2. Nonfunctioning or broken pipe; 



3. Nonfunctioning or broken sump cover; 



4. Nonfunctioning or broken casing; 



5. Nonfunctioning or broken pump. 



6. Collect and analyze leachate samples collected from the primary and secondary sump for 



constituents and with the detection limits in Table G-1 of Appendix G. 



 



 The leachate will be pumped from the sumps on a periodic basis as necessary to prevent significant 



accumulation.  Leachate will be removed from the primary and secondary sumps so that there will 



be no more than one foot of leachate above either the leachate removal liner system or the leachate 



detection liner system (exclusive of the sumps themselves).  The amount of leachate removed and 



rate of leachate generation will be determined for each sump, recorded in the inspection logs each 



time the sumps are pumped, and reported annually to the Director, or designee. 



 



(i) All emergency response equipment listed in the Contingency Plan (Appendix D) must be inspected 



at least semi-annually. 



 



Repairs or replacements to all of the above will be initiated within thirty (30) calendar days from the 



date that they are noted.  Defective locks on gates will be repaired or replaced immediately.   



Figures C-1 to C-3 at the end of this section present the inspection checklists.  These checklists will be 



filled out every time the Permittee inspects the reconstructed cell facility during the post-closure care 



period.  The checklists may vary from those contained in this section, provided the same information 



is contained in the revised forms.  Figure C-4 presents the repair certification that will be filled out for 



all repairs undertaken.  Repairs will be conducted to return inspected item to their original function.  



The cell cover will be filled with appropriate soil and rock fill material after repairs.  The checklists 



and repair certifications will be maintained in a file at the post-closure operational office designated by 



the Permittee and copies will be sent to the Director, or designee, on an annual basis.
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1.0 FACILITY DESCRIPTION 



The facility contains only one RCRA regulated hazardous waste management unit which is the closed 



reconstructed cell.  In addition, the facility has a groundwater monitoring system, drainage channels 



and two leachate collection systems. 



2.0 IMPLEMENTATION OF RESPONSE PROCEDURES 



During the post-closure care period, at least one individual will be on call (i.e., available to arrive at the 



facility or respond to an emergency within a short, less than three hour, period of time) at all times.  



This person, designated the Emergency Coordinator (EC) or their alternate, will be familiar with all 



aspects of the Contingency Plan, the location of all records for the facility and the facility layout.  In 



addition, the EC is responsible for coordinating all emergency response measures and has been granted 



the authority to commit the resources needed to carry out the Contingency Plan. 



Since the facility is closed and the only regulated hazardous waste management unit has been capped, 



the probability of a fire or explosion at the site is very remote.  The only type of emergency of concern 



at the facility would involve the release of hazardous materials to the surrounding environment (i.e., 



air, soil or groundwater) which could occur during a groundwater sampling event, leachate removal 



operations or catastrophe.  In the event of such an emergency, response activities will be initiated 



immediately following observation of the event.  The EC will assess the situation, determine whether 



to implement the Contingency Plan, and direct response activities as appropriate. 



2.1 Observation 



In case of an imminent or actual release of hazardous waste, the person observing the event will: 



 Notify the Emergency Coordinator and report his/her name and the location and 
the nature of the incident. 



The names, addresses and telephone numbers of the EC and his/her alternates and agencies that might 



be notified are listed as follows: 



Mr. Mickey Muterspaugh:  Emergency Coordinator 
Denver Arapahoe Disposal Site 
3500 S. Gun Club Road 
Aurora, Colorado 80018 
(720) 876-2630 (office) 
(720) 498-5175(cell) 
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Mr. Patrick Mekled:  Alternate Emergency Coordinator 
Denver Arapahoe Disposal Site 
3500 S. Gun Club Road 
Aurora, Colorado 80018 
(720) 876-2629 (office) 
(303) 435-2812 (cell) 



 
2.2 Incident Assessment 



The EC, or his/her representative, will immediately identify to the extent possible the character, exact 



source, amount and areal extent of any released materials by observation, records review and, if 



necessary, chemical analysis.  While characterizing the release, the EC will assess possible direct and 



indirect hazards to human health and the environment that may result from the release.  Based on a 



visual inspection of the release and reference to data sources, the EC will assess the following: 



 Could the event threaten human health or the environment?  If so, the Contingency 
Plan will be implemented. 



 Can personnel control the emergency?  If not, the EC will immediately notify the 
appropriate federal, state and local agencies to request assistance. 



No scenarios that would require evacuation of the facility or the surrounding area are 
envisioned. 



3.0 IMPLEMENTATION OF CONTINGENCY PLAN 



When the decision has been made to implement the Contingency Plan, the EC (or his/her designee) will 



immediately notify the following: 



 Facility personnel, if they have not already been notified; 



 The National Response Center (NRC) at (800) 424-8802 and report the following 
information: 



○ Name and telephone number of reporter; 



○ Name and address of facility; 



○ Time and type of incident; 



○ Name and quantity of material(s) involved, to the extent known; 



○ The extent of injuries, if any; and 



○ Possible hazards to human health and the environment outside the facility. 
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 Colorado Department of Public Health and Environment at the emergency number: 
(303) 692-3020 or 756-4455 (after hours).  The report must include the same 
information as the report to the NRC. 



 Arapahoe County Sheriff's Department (telephone 911), if appropriate. 



In addition, the EC will direct coordination of first aid activities (if any injuries are involved) and the 



emergency response activities of other personnel. 



4.0 RESPONSE ACTIVITIES 



4.1 Emergency Coordinator 



Containment and control activities are initiated and directed by the EC.  During an emergency, the EC 



must take all reasonable measures necessary to ensure that releases do not occur, recur or spread.  These 



measures will include, where appropriate, the collection and containment of released material (e.g., 



leachate, contaminated groundwater). 



The EC has the authority to obtain assistance in the event of an emergency.  For a release, the EC will 



mobilize personnel to: 



 Assemble the required response equipment, such as protective clothing, gear and 
pumping equipment; 



 Determine the most appropriate containment method; and 



 Coordinate activities of supervisory personnel, maintaining constant 
communication with them and the response teams. 



4.2 Standard Response Procedures 



Individuals discovering the incident will initiate the following standard response procedures 



immediately.  These procedures only establish general guidelines.  The EC has the final authority over 



all response procedures once he/she has arrived at the area of the incident. 



 The person discovering an incident will alert others who might be in danger and 
call for backup support. 



 All response personnel will have proper safety equipment. 
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4.3 Equipment 



At a minimum, fire extinguishers, absorbent, shovels, personal protective clothing, decontamination 



equipment, communication devices (e.g., radios, cell phones, etc.) and first-aid kits will be kept in 



vehicles used by personnel conducting inspections, maintenance, leachate collection handling and 



groundwater sampling.  In the event of an emergency, the Permittee or individual(s) discovering the 



incident will deploy necessary and appropriate emergency equipment. 



5.0 POST-EMERGENCY PROCEDURES 



Post-emergency procedures are designed to prevent recurrence, to clean up and dispose of residuals 



and to provide for personnel debriefing. 



5.1 Incident Reporting 



Within 15 days of the incident, a written report of the incident must be filed with the CDPHE and the 



U.S. EPA Regional Office: 



Colorado Department of Public Health and Environment 
Hazardous Materials and Waste Management Division 
HMWMD-HWC-B2 
4300 Cherry Creek Drive South 
Denver, Colorado 80246-1530 



 
Regional Administrator 
Environmental Protection Agency 
Region VIII 
1595 Wynkoop Street 
Denver, Colorado  80202-1129 



 
This report must include: 



 Name, address and telephone number of the Permittee; 



 Name, address and telephone number of facility; 



 Date, time and type of incident; 



 Name and quantity of material(s) involved; 



 The extent of injuries, if any;  
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 An assessment of actual or potential hazards to human health or the environment, 
where this is applicable; and 



 Estimated quantity and disposition of recovered material that resulted from the 
incident. 



5.2 Prevention of Recurrence 



The EC will take all reasonable measures to identify the cause of the incident and take steps to ensure 



that the incident does not recur.  These steps may include; as appropriate: 



 Visual inspections for leaks, cracks and perforations to the reconstructed cell; and 



 Collection and isolation of all leachate from the primary and secondary sumps and 
groundwater monitoring wells. 



5.3 Treatment and Disposal of Released Materials and Residue Cleanup 



Once the emergency situation has ended, the EC will initiate clean-up and disposal of contaminated 



materials as soon as possible to avoid further contamination.  Contaminated material will be analyzed, 



stored, loaded, manifested, transported and disposed of in accordance with applicable state and federal 



regulations. 



5.4 Equipment Decontamination and Maintenance 



After cleanup procedures are completed, all equipment that was used during the cleanup will be 



decontaminated and readied for future use.  Pressure washing (with collection of rinse water) is the 



most likely decontamination method.  Rinse water will be treated as a waste and disposed of 



appropriately. 



5.5 Personnel Debriefing 



The EC will conduct debriefings of personnel and local authorities, as appropriate, to assess 



preparedness and prevention activities, response activities and casualty control.  Based on this review, 



suggestions for revisions to the Contingency Plan, if any, will be reviewed and implemented where 



appropriate. 
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This property is subject to an Environmental Covenant held by 
the Colorado Department of Public Health and Environment 



pursuant to section 25-15-321, C.R.S.  
 



ENVIRONMENTAL COVENANT  
 
 Waste Management of Colorado, Inc. ("WMC") grants an Environmental 
Covenant ("Covenant") this _____ day of _________________, 2019 to the Hazardous 
Materials and Waste Management Division of the Colorado Department of Public Health 
and the Environment ("Department") pursuant to § 25-15-321 of the Colorado Hazardous 
Waste Act, §§ 25-15-101, et seq. ("CHWA"). The Department's address is 4300 Cherry 
Creek Drive South, Denver, Colorado 80246-1530.  



 
WHEREAS, WMC is the owner of a certain facility commonly referred to as the 



DACWPF Reconstructed Cell Facility ("Facility"), located at 25700 East Yale Avenue, 
Aurora, Colorado, on property more particularly described in Exhibit A, attached hereto 
and incorporated herein by reference as though fully set forth (hereinafter referred to as 
the "Property"); and  
 



WHEREAS, the Property has been used to manage hazardous waste at the 
Facility.  The Facility is closed, the Department and WMC believe no hazardous wastes 
have been released from the Facility, and this Covenant is entered into to protect the 
Facility.  The Facility is subject to a State issued Resource Conservation and Recovery 
Act, 42 U.S.C. §§ 6926, et seq. (“RCRA”) Permit pursuant to the CHWA; and  
 



WHEREAS, a survey plat and a record of the type, location, and quantity of 
hazardous wastes disposed of at the Facility have been filed with the local zoning 
authority and with the Director of the Department; and   



 
WHEREAS, the purpose of this Covenant is to ensure protection of human health 



and the environment by documenting the fact that hazardous wastes have been disposed 
at the Facility located on the Property and by restricting certain uses of the Property; and  
 



WHEREAS, WMC desires to subject the Property to certain covenants and 
restrictions as provided in Article 15 of Title 25, Colorado Revised Statutes, which 
covenants and restrictions shall burden the Property and bind WMC and all parties now 
or subsequently having any right, title or interest in the Property, or any part thereof, and 
any persons using the land, as described herein, for the benefit of the Department, WMC, 
any subsequent owners of the Property, and the OWNER as defined below; and 



 
 



NOW, THEREFORE, WMC hereby grants this Environmental Covenant to the 
Department, and declares that the Property as described in Exhibit A shall hereinafter be 
bound by, held, sold, and conveyed subject to the following requirements set forth in 
paragraphs 1 through 11, below, which shall run with the Property in perpetuity and be 
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binding on WMC and all parties now or subsequently having any right, title or interest in 
the Property, or any part thereof, and any persons using the land, as described herein. As 
used in this Environmental Covenant, the term OWNER means the then current record 
owner of the Property and, if any, any other person or entity otherwise legally authorized 
to make decisions regarding the transfer of the Property or placement of encumbrances 
on the Property, other than by the exercise of eminent domain. 
 



1.   Use restrictions. 
 
a. OWNER must ensure that any and all uses of the Property do not interfere 



with any post-closure care activity for the Facility as specified by the 
provisions of the applicable RCRA permit or other enforceable document 
issued pursuant to the Colorado Hazardous Waste Regulations, 6 CCR 1007-3 
§ 100.10(d) (the “Permit”).  A copy of the Permit will be found on file at the 
Department. 



 
b. The use of the Property shall be restricted to managing the hazardous waste 



disposed at the Facility including, without limitation, the activities necessary 
to fulfill the requirements of the Permit.  



 
c. Access to the Property shall be restricted, and access controls maintained, as 



required by the Permit. 
  
d. Except as authorized by the Department or the Permit, no person shall: (i) 



remove or utilize groundwater from the existing wells on the Property; (ii) 
withdraw or utilize any surface water from the Property; (iii) construct any 
new groundwater well on the Property; or (iv) remove or utilize groundwater 
from such new well.  



e. Except as authorized by the Department or the Permit, digging, drilling, or 
any other excavation or disturbance that will disturb the integrity of the final 
cover and liner systems at the Facility is prohibited.   



f. Irrigation of the final cover is prohibited, except as approved by the 
Department, and weeds or other vegetation atop the final cover shall be 
controlled and removed in accordance with the Permit. 



g. No structure may be built or placed on the final cover, except as authorized by 
the Department in writing.  



 



2.  Modifications. 
      
This Covenant runs with the land and is perpetual, unless modified or terminated 
pursuant to this paragraph. OWNER may request that the Department approve a 
modification or termination of the Covenant. The request shall contain information 
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showing that the proposed modification or termination shall, if implemented, ensure 
protection of human health and the environment. The Department shall review any 
submitted information and may request additional information. If the Department 
determines that the proposal to modify or terminate the Covenant will ensure protection 
of human health and the environment, it shall approve the proposal. No modification or 
termination of this Covenant shall be effective unless the Department has approved such 
modification or termination in writing. Information to support a request for modification 
or termination may include one or more of the following:  
  
 a. a proposal to perform additional remedial work;  



b. new information regarding the risks posed by the residual contamination;  
c. information demonstrating that residual contamination has diminished;  
d. information demonstrating that an engineered feature or structure is no 



longer necessary;  
e. information demonstrating that the proposed modification would not 



adversely impact the remedy and is protective of human health and the 
environment; and  



f. other appropriate supporting information.  
  
3. Conveyances.     OWNER shall notify the Department at least fifteen (15) days in 
advance of the closing on any proposed sale or other conveyance of any interest in any or 
all of the Property.  
 
4. Notice to Lessees.     The OWNER agrees to incorporate either in full or by 
reference the restrictions of this Covenant in any leases, licenses, or other instruments 
granting a right to use the Property.  
 
5. Notification for proposed construction and land use.     The OWNER shall notify 
the Department simultaneously when submitting any application to a local government 
for a building permit or change in land use.  
  
6. Inspections.     The Department shall have the right of entry to the Property at 
reasonable times with prior notice for the purpose of determining compliance with the 
terms of this Covenant.  
 
7. Third Party Beneficiary.     WMC and the OWNER of the Property are third party 
beneficiaries with the right to enforce the provisions of this Covenant as provided in § 
25-15-322, C.R.S.  



 
8. No Liability.     The Department does not acquire any liability under State law by 
virtue of accepting this Covenant. 



 
9. Enforcement.     The Department may enforce the terms of this Covenant pursuant 
to § 25-15-322, C.R.S. WMC and the OWNER may file suit in district court to enjoin 
actual or threatened violations of this Covenant. 
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10. Owner’s Compliance Certification.  The OWNER shall execute and return a 
certification form provided by the Department, on an annual basis, detailing the 
OWNER’s compliance, and any lack of compliance, with the terms of this Covenant.  
  
11. Notices.     Any document or communication required under this Covenant shall 
be sent or directed to:  
 
Hazardous Materials and Waste Management Division  
Colorado Department of Public Health and the Environment  
4300 Cherry Creek Drive South  
Denver, Colorado 80246-1530  
 
 
WMC has caused this instrument to be executed this ____ day of ____________, 2019.  
 
Waste Management of Colorado, Inc. 
  
 
By: _____________________________________ 
Title:____________________________________ 
 
STATE OF COLORADO  )  



) ss:  
COUNTY OF ______________ )  
 
The foregoing instrument was acknowledged before me this ___day of ______________, 
2009 by ____________________ on behalf of Waste Management of Colorado, Inc.  



 
_________________________________ 
Notary Public  
 
_________________________________ 
Address  



 
My commission expires: __________________ 
 
 
Accepted by the Colorado Department of Public Health and Environment this ____ day 
of ____________________, 2009.  
 
 
By: ______________________________________ 
Title:_____________________________________  
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STATE OF COLORADO  )  



) ss:  
COUNTY OF ________________ )  
 
The foregoing instrument was acknowledged before me this ___day of ______________, 
2009 by ____________________ on behalf of the Colorado Department of Public Health 
and Environment.  



_________________________________ 
Notary Public  
_________________________________ 
Address  



 
My commission expires: _________________ 
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1.0 POINT OF COMPLIANCE 



The point of compliance for post-closure groundwater monitoring is the vertical plane located at the 



hydraulically downgradient limit of the waste management area that extends down into the uppermost 



aquifer (6 CCR 1007-3, Section 264.95).  In this case, the waste management area is defined as that 



area projected in the horizontal plane on which waste was placed into and on which liners and caps 



were constructed for the reconstructed cell.  Thus, the designated point of compliance for the 



reconstructed cell is just downgradient of the reconstructed cell.  See Figure 8. 



2.0 DETECTION MONITORING PROGRAM 



2.1 General 



The purpose of detection monitoring is to detect the release of hazardous waste constituents from the 



reconstructed cell at the designated point of compliance, should any release occur.  The elements of the 



detection monitoring program include the groundwater monitoring wells, indicator parameters, and 



background and detection monitoring. 



2.2 Groundwater Monitoring Wells 



The groundwater monitoring well network for post-closure care detection monitoring is designed to 



detect releases of contamination in the uppermost aquifer at the designated point of compliance and to 



assess the direction of groundwater flow in the vicinity of the reconstructed cell.  Six groundwater 



monitoring wells (P-112, P-113, P-114, P-114A, P-114A-R, and P-115) have been used to date.  



Four groundwater monitoring wells are currently used, and will continue to be used, to collect 



groundwater samples, since P-114A-R has replaced P-114 and P-114A.  Well P-112 is the designated 



upgradient monitoring well, whereas the other three wells are the designated downgradient wells.  



However, due to the documented spatial variability of the groundwater, detection monitoring is based 



on intra-well comparisons (i.e., the data from each well is compared to the background value for that 



well).   



The spacing of the downgradient monitoring wells located in the lower sandstone unit was based on 



the hydrogeologic characterization conducted by Golder.  A channel sand was encountered (lower 



sandstone) at approximately 80 feet below ground surface.  Wells were positioned in this channel sand 



located beneath the reconstructed cell for monitoring the entire width, including the fringes, on the 
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downgradient side of the reconstructed cell.  Well P-114A-R is (and P-114 and P-114A formerly were) 



located in the center of the channel sand, while P-113 and P-115 are located on the fringes of the 



channel. 



All monitoring wells were completed, and will be maintained, to ASTM Standard Guide D5092-04, 



“Standard Practice for Design and Installation of Ground Water Monitoring Wells.”  Additionally, all 



of these wells are designated as RCRA monitoring points and, as such, were designed to comply with 



6 CCR 1007-3, Part 264, Subpart F.  



Any wells deleted from the monitoring program must be plugged and abandoned in accordance with 



ASTM D5092-04.  Well plugging and abandonment methods and certification will be submitted to the 



Director, or designee, within one hundred twenty (120) days from the date the wells are removed from 



the monitoring program. 



2.3 Detection Monitoring Indicator Parameters 



Detection groundwater monitoring requires a suite of parameters be established for analyses that 



provide a reliable indication of the presence of hazardous constituents in groundwater.  The parameters 



selected should be the most accurate and reliable indicators of the leading edge of contamination and 



should provide minimal false positive and false negative statistical results. 



The constituents (and their respective reporting limits) listed in the following Table F-1 will be used as 



indicator parameters of groundwater contamination during post-closure care detection monitoring: 



TABLE F-1 



GROUNDWATER INDICATOR PARAMETER AND WASTE CONSTITUENT LIST 
(“Reporting Limits” are in μg/L = micrograms per liter) 



CONSTITUENT REPORTING LIMIT  
pH, Temperature, Conductivity NA 



Total Suspended Solids NA 
Benzene 5.0 



Bromoform 4.0 
Carbon Tetrachloride 1.0 



Chlorobenzene 5.0 
Chlorodibromomethane 5.0 



Chloroethane 10.0 
Chloroform 3.5 



Dichlorobromoethane 1.0 
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CONSTITUENT REPORTING LIMIT  
aka (Bromodichloromethane) 



1,1-Dichloroethane 5.0 
1,2-Dichloroethane 1.0 



1,1- Dichloroethylene 
aka (Dichloroethene) 5.0 



1,2-Dichloropropane 1.0 
cis-1,3-Dichloropropylene 



aka (Dichloropropene) 5.0 



Ethylbenzene 5.0 
Methyl bromide 



aka (Bromomethane) 10.0 



Methyl chloride 
aka (Chloromethane) 10.0 



Methyl ethyl ketone* 100.0 
1,1,2,2-Tetrachloroethane 5.0 



Tetrachloroethylene 
aka (Tetrachloroethene), 



(Perchloroethene) 
5.0 



Toluene 5.0 
1,2-Trans-dichloroethene 10.0 



1,1,1-Trichloroethane 5.0 
1,1,2-Trichloroethane 3.0 



Trichloroethylene 
aka (Trichloroethene) 5.0 



Vinyl Chloride 2.0 
PFOA/PFOS** 0.01 



Arsenic 10.0 
Barium 200.0 



Cadmium  5.0 
Chromium  (Total) 10.0 



Lead 5.0 
Mercury 0.2 
Selenium 5.0 



Silver 25.0 
   *Only to be analyzed if leachate in secondary sump exceeds the detection limit in Table G-1 
   **Only to be analyzed if leachate in secondary sump exceeds the action limit in Table G-1 
 
2.4 Groundwater Sampling 



All sampling will be conducted pursuant to ASTM protocol or equivalent.  The following steps will be 



performed for detection groundwater monitoring: 



Step 1. Inspection.  Prior to purging or sampling, each monitoring point will be 
inspected.  The condition of the sampling equipment and the well structure 
which could affect the collection system will be noted. 
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Step 2. Static Water Level Measurement.  Prior to purging, the static water level will 
be measured and recorded until reproducible results are obtained.  The static 
water level will be measured as the depth to water in the well from the top of 
the casing and will be recorded to the nearest 0.01 foot.  Water level probes, 
which were calibrated when the wells were installed and need no additional 
calibration, will be inspected for damage prior to each sampling event. 



Step 3. Well Purging.  Monitoring wells will be purged prior to sample collection in 
order to obtain representative samples of the formation water rather than the 
stagnant water from the well casing.  Purging completion is based on achieving 
stabilization of the water level within the well and water quality field indicator 
parameters measured during purging.  Pump flow rates should be selected to 
approximate the yield of the well so that a stabilized pumping water level is 
achieved as quickly as practical, thus expediting the stabilization of the field 
indicator parameters.  Field indicator parameter measurements should be 
initiated when purging begins and continued at regular intervals until 
stabilization is achieved.  Purged water will be stored in 35-gallon or 55-gallon 
drums and disposed of appropriately following review of the laboratory 
analytical results.   



Step 4. Sample Withdrawal.  Once stabilization has been achieved during purging, 
sampling can be conducted at the same pumping rate or at a lower flow rate if 
desired.  If a sufficient amount of water is unobtainable for all analyses, the 
priority of analysis will be VOCs first and then metals.  If a sufficient amount 
of water is unobtainable for any analysis, the well will be considered dry, and 
the Permittee will not be considered out of compliance for that sampling event. 



Step 5. Sample Handling.  Samples for VOCs will be unfiltered and unpreserved in 
accordance with Colorado requirements.  Samples for metals will have the 
appropriate acid preservative added in the field and will be filtered through a 
0.45 micron membrane filter prior to preservation.  All bottles will be pre-
labeled and supplied by a pre-approved laboratory.  The VOC sample bottles 
will be 40 ml glass bottles which contain Teflon-lined septums in the cap.  
Each bottle will be filled slightly more than full prior to being capped to ensure 
that no head space exists once the bottle is capped.  Sampling will be 
performed consistent with ASTM D4448-01 – “Standard Guide for Sampling 
Ground-water Monitoring Wells” or equivalent.  Sampling for PFOA/PFOS 
will be conducted in general accordance with the February 8, 2019 
Groundwater Screening Proposal, if required.  Immediately after sample 
collection, bottles will be placed in sealed, insulated shuttles, and packed with 
ice to cool the samples to a temperature of 4°C or less.  The shuttles will be 
shipped to the laboratory for arrival within 72 hours.   
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Step 6. Chain-of-Custody Procedures.  The following chain-of-custody program will 
be used to trace the possession and handling of the individual samples.  
Samples from the same sample point that are placed in more than one sample 
cooler require a Chain-of-Custody Record in each sample cooler.  
Any problems with the sample cooler's contents will also be noted on the form.  
Upon receipt of the sample cooler by the lab, the condition of the samples, 
temperature, date, and time will be recorded on the Field Chain-of-Custody 
Record by the log-in personnel receiving the sample coolers.  The Field Chain-
of-Custody Record indicates by bottle and analysis group whether samples are 
preserved.  The sampling team must record the field filtration, preservative, 
and any deviations from normal preservation requirements on the Chain-of-
Custody Record (the sampler will initial the forms if this information is 
preprinted on forms provided by the lab).  Other Chain-of-Custody procedures 
are described in Section 2.6. 



2.5 Laboratory Analytical Procedures 



The laboratories approved for the detection groundwater monitoring program will use approved 



standard laboratory procedures as specified in EPA's Test Methods for Evaluating Solid Waste:  



Physical/Chemical Methods SW-846 2nd Edition, Standard Methods of Wastewater Analysis, or an 



equivalent method approved by the Department.  TestAmerica Laboratories Inc. in Arvada, Colorado 



or a similar environmental laboratory will perform chemical analysis of the groundwater.  



The particular SW-846 test methods will be as follows: 



CONSTITUENT EPA SW-846 TEST METHOD 



VOCs 8260B 



Arsenic, Barium, Cadmium, 
Chromium (total), Lead, 



Silver, Selenium 
6010B 



Mercury 7470A 



PFOA/PFOS* 537 Modified until 8328 is 
finalized 



        * To be analyzed if leachate in secondary sump is above action limit listed in Table G-1 
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2.6 QA/QC 



Quality Assurance and Quality Control (QA/QC) procedures will be applied to both field and analytical 



laboratory data in order to ensure the reliability and validity of the data.  The QA/QC procedures are 



described below. 



Field blank samples will not be required if each of the wells sampled has dedicated sampling equipment.  



If dedicated sampling equipment is not used, one field blank sample will be taken for every ten 



groundwater samples collected or one per day during each sampling event, whichever is greater, to 



detect contamination that may be introduced:  (1) in the field (either atmospheric or from specific 



sampling equipment); (2) in transit to or from the sampling site; (3) in sample container preparation, 



sample log-in, or sample storage stages within the laboratory; or (4) during sample processing and 



analysis within the confines of the laboratory.  A complete set of sample containers will be supplied by 



the laboratory and reagent-free deionized water will be used for the preparation of blank samples.  



Groundwater sampling procedures will be simulated for the filling of field blank samples.  The filled 



sample bottles will be packed with ice and shipped to the laboratory for analysis along with the 



groundwater samples. 



One QA duplicate will be collected for every twelve groundwater samples collected or one during each 



sampling event, whichever is more frequent, to be used as a check on the precision of sampling and 



analytical procedures.  During a sampling sequence, a blind duplicate sample will be taken from the 



selected monitoring well(s) simultaneously with the regular field sample and analyzed along with all 



samples.  During subsequent sampling rounds, different well(s) will be selected and the same 



procedures will be used to obtain the duplicate(s). 



The chain-of-custody record will be initiated at the time of sampling and will contain the well number, 



date and time of sampling, and the name of the sampler.  This record will accompany each sample case 



and will be signed by all who handle sample containers.  Sample transfers are noted on the record sheet 



for each sample.  Upon receipt of samples at the laboratory, the shipping container will be examined, 



and the condition of samples, including temperature, will be recorded.  The chain-of-custody 



procedures document sample transfer, sample possession, and sample integrity from collection through 



analysis.  If samples are split and sent to multiple laboratories, a chain-of-custody record sheet will 



accompany each sample.  Copies of chain-of-custody forms will be maintained at the laboratory 



conducting the analyses. 
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In addition, all laboratories will be required to maintain appropriate levels of quality control for all 



analyses performed. 



2.7 Background Monitoring 



A.  VOCs 



No VOCs have had a confirmed detection since interim status quarterly groundwater monitoring for 



VOCs began in 1990.  As a result, the "background" value for each of the VOCs is set at the "reporting 



limit" ("RL") listed in Table F-1.  The permit-required RL for each VOC listed in Table F-1 must be 



achieved when analyzing the samples.  



B.  Metals 



The background values for metals are the control limits and non-parametric prediction limits computed 



using the procedures outlined in the prior permit.  The current values are as follows: 



Constituent Units Well 
Background 



Value 



Arsenic, total recoverable UG/L P-112 10.0000* 
Arsenic, total recoverable UG/L P-113 10.0000* 
Arsenic, total recoverable UG/L P-114A 10.0000* 
Arsenic, total recoverable UG/L P-115 10.0000* 
Barium, total recoverable UG/L P-112 27.4055 
Barium, total recoverable UG/L P-113 22.9172 
Barium, total recoverable UG/L P-114A 43.2311 
Barium, total recoverable UG/L P-115 19.8164 
Cadmium, total recoverable UG/L P-112 5.0000* 
Cadmium, total recoverable UG/L P-113 5.0000* 
Cadmium, total recoverable UG/L P-114A 5.0000* 
Cadmium, total recoverable UG/L P-115 5.0000* 
Chromium, total recoverable UG/L P-112 10.0000* 
Chromium, total recoverable UG/L P-113 10.0000* 
Chromium, total recoverable UG/L P-114A 14.1000* 
Chromium, total recoverable UG/L P-115 10.0000* 
Lead, total recoverable UG/L P-112 5.0000* 
Lead, total recoverable UG/L P-113 5.0000* 
Lead, total recoverable UG/L P-114A 5.0000* 
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Constituent Units Well 
Background 



Value 
Lead, total recoverable UG/L P-115 5.0000* 
Mercury, total  UG/L P-112 0.2000* 
Mercury, total  UG/L P-113 0.2000* 
Mercury, total  UG/L P-114A 0.2000* 
Mercury, total  UG/L P-115 0.2000* 
Selenium, total recoverable UG/L P-112 5.0000* 
Selenium, total recoverable UG/L P-113 5.0000* 
Selenium, total recoverable UG/L P-114A 5.0000* 
Selenium, total recoverable UG/L P-115 5.0000* 
Silver, total recoverable UG/L P-112 25.0000* 
Silver, total recoverable UG/L P-113 25.0000* 
Silver, total recoverable UG/L P-114A 25.0000* 
Silver, total recoverable UG/L P-115 25.0000* 
*Detection Frequency < 25% 



 



These background values will be updated every other year using the additional data from the four most 



recent semi-annual monitoring events. 



C.  Others 



No background values have been, or will be, calculated for field parameters pH, temperature, 



conductivity, or TSS because these parameters will not be subject to statistical analysis. 



2.8 Detection Monitoring 



Detection monitoring for VOCs began in 2000.  Detection monitoring of metals began in 2003-- 



six months after the completion of the background monitoring for metals.  Detection monitoring will 



continue semi-annually through the post-closure care period or unless compliance or corrective action 



groundwater monitoring programs are established. 



Due to the documented spatial variability of the natural groundwater chemistry, intra-well comparisons 



(i.e., the data from each well is compared to its own background history) will be the basis for 



determining if there is a statistically significant increase above background.  For informational 



purposes, a comparison of the designated upgradient well chemistry to the designated downgradient 



wells chemistry will also be provided. 
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The actual process for detection monitoring will proceed in accordance with the following steps: 



Step 1. Sample monitoring points semi-annually.  The sampling points will be 
monitored for the indicator parameters listed in Table F-1, as well as for 
groundwater hydraulic information to establish flow rates and direction. 



Step 2. Review QA/QC data to verify that acceptable field and laboratory data have 
been generated and recorded.  If data is unsatisfactory, a Quality Assurance 
Review (QAR) will be performed and the affected well(s) resampled, if 
appropriate, within forty-five (45) calendar days of receipt of the sampling 
event data from the laboratory.  If the data is satisfactory, the process will 
proceed to Step 3. 



Step 3. Evaluate the sampling results by comparing the current sampling data for each 
well to the background value for that well.  In the event the current sampling 
data exceeds the background values, verification resampling will occur by 
collecting up to two (2) additional samples to determine if the initial 
exceedance is statistically significant above background.  If the first additional 
sample is below the background value, the initial exceedance is not verified 
and the well remains in detection monitoring.  If the first and second additional 
samples are above the background value, the initial exceedance is verified and 
is determined to be statistically significant (i.e., represents a statistically 
significant increase above background – SSI).   



Step 4. Identify SSIs, of any parameter.  Also, for informational purposes, compare 
the current sampling data for the designated upgradient well to the designated 
downgradient wells.  These evaluations will be performed within 45 days after 
receipt of final laboratory results for the sampling event including any 
additional samples required by Step 3. 



Step 5. If the results from Step 3 show that no SSI has occurred, the detection 
monitoring program will continue, beginning again with Step 1 and the results 
will be reported annually.  After four semi-annual samples, the background 
values for the metals will be updated using the additional data. 



Step 6. If the results from Step 3 show that an SSI has occurred, the Department will 
be notified in writing within seven (7) days of the findings in Step 3 in 
accordance with 6 CCR 1007-3 Section 264.98 (g)(1) along with the 
Permittee's intentions with regard to a source demonstration pursuant to the 
requirements of 6 CCR 100 7-3 Section 264.98(g)(6).  



Step 7. If the results of Step 3 show an SSI has occurred and a source demonstration 
is not going to be conducted, the groundwater in all of the monitoring wells 
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will be sampled and analyzed for 6 CCR 1007-3, Part 264, Appendix IX 
constituents within one month following the results of the additional sampling 
described in Step 3. 



Step 8. Within ninety (90) days following determination of an SSI, an application for 
permit modification will be submitted to the Director, or designee, for changes 
to the detection monitoring program, implementation of a compliance 
monitoring program, or a permit modification application for a variance; 
and/or the source demonstration report will be submitted. 



In addition to the notification requirements for an SSI, the Permittee will submit annual reports detailing 



the procedures, results, and statistical evaluations from the detection monitoring.  All annual reports 



will be submitted no later than 45 working days after receiving the laboratory analytical results from 



the last sampling event within the reporting period. 



All of the piezometric head information obtained from the RCRA groundwater monitoring wells will 



be reported along with the water quality data on an annual basis.  The water level data will also be 



plotted for each water level measurement event and submitted with the annual report.  This information 



will not be subjected to any statistical analysis.  It will, however, be used to evaluate upgradient and 



downgradient conditions.   



2.9 Data Management 



The results of the field and laboratory analyses performed on groundwater samples will be recorded for 



each sampling point and sampling event.  The records will include the following information: 



• Well identification and date of analysis; 



• Analytical results for all required sample parameters, as well as results for QA/QC 
duplicates and test blanks; 



• Field data (including temperature, pH, specific conductance, and water level); 



• Description of analytical procedures and QA/QC protocol;  



• Chain-of-custody forms; 



• Summary of all computations (including example calculations; data for each of the 
calculations; each measured, known, or estimated value so that each calculation 
may be verified by the Director, or designee) required by this Permit to calculate 
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background concentrations and to determine if there has been a statistically 
significant increase above background (SSI); and 



• Contaminant concentration maps including annotated values associated with each 
monitoring point, if contaminants above background are detected. 



Laboratory data will be presented in tabular and/or graphic form.  In addition, copies of the laboratory 



analysis and field (inspection) data sheets for the reporting period will be included in the annual report.  



All raw analytical data will be stored by the analytical laboratory or the Permittee. 



2.10 Data Confirmation Review 



Initial evaluation of groundwater analytical data will entail data confirmation through QA/QC review.  



The first step will be a thorough review of lab and field procedures, including review of field equipment 



calibration information, recoveries of spiked samples, and field blank analyses.  In addition, a detailed 



review of the chain-of-custody records for sampling, shipping, and preparation of the samples will be 



performed.  A QAR will be filed to determine if suspect data are the result of a mathematical error, a 



lab artifact, other lab errors, or a shipping/sampling problem should the initial cursory review prove to 



be ineffective or inconclusive.  At this stage of the groundwater data evaluation, data will be corrected 



if shown to result from a calculation error or a data transcription error.  Laboratory artifacts will be 



addressed individually. 



2.11 Permit Modification/Source Demonstration 



If an SSI is determined, the Permittee will invoke its option to submit a permit modification or 



implement a source demonstration investigation. 



3.0 COMPLIANCE MONITORING 



Data collected since background monitoring at the reconstructed cell facility was completed establish 



that there has been no SSI of any of the indicator parameters at any of the RCRA groundwater 



monitoring wells.  Therefore, pursuant to 6 CCR 1007-3, Section 100.41(c)(7), a compliance 



monitoring program is not required.  If a SSI for any parameter at any of the RCRA groundwater 



monitoring wells is determined during detection monitoring, the Permittee will submit a permit 



modification application to establish a compliance monitoring program. 
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4.0 CORRECTIVE ACTION 



A program for corrective action is not required pursuant to 6 CCR 1007-3, Sections 100.41 and 264.100, 



since there has been no SSI for any of the indicator parameters at any of the RCRA groundwater 



monitoring wells.  Should a corrective action program be required in the future, the Permittee will 



submit a permit modification application to establish such a program. 
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1.0 GENERAL 



The purpose of monitoring the upper and intermediate sandstone units is to continue to measure and 



record groundwater levels in these units in the vicinity of the reconstructed cell.  Additionally, the 



groundwater from these sandstone units will be sampled and analyzed for VOCs and constituents 



identified in Table F-1 and Table G-1. Constituents in Table G-1 will only be analyzed in the sandstone 



units if the constituents are detected in secondary leachate sample(s) at levels above their respective 



action limit. Additional measures will also be conducted if constituents in Table G-1 exceed the 



detection limit in the secondary sump, reference Section 4.0 below, steps 1 and 2. 



TABLE G-1 



SECONDARY LEACHATE DETECTION SYSTEM ANALYTES  
(“Detection Limits” and “Action Limits” are in μg/L = micrograms per liter) 



CONSTITUENT 
DETECTION 



LIMIT 
ACTION 
LIMIT 



Benzene 5.0 5.0 
Carbon tetrachloride 1.0 5.0 



Chlorobenzene 5.0 100 
Chloroform 3.5 3.5 



1,2 Dichloroethane 1.0 5.0 
1,1 Dichloroethene 5.0 7.0 
Methyl ethyl ketone 100 1,000 
Tetrachloroethene 5.0 5.0 
Trichloroethene 5.0 5.0 
Vinyl Chloride 2.0 2.0 



Arsenic 10 10 
PFOA/PFOS 0.01 0.2 



 



2.0 MONITORING NETWORK 



The monitoring network for the upper and intermediate sandstone units consists of the following: 



• Piezometers GC-18, GC-21, and P-107 which are completed in the upper 
sandstone unit and which are illustrated in Figure 6. 



• Piezometers GC-16, GC-22, and GC-26 which are completed in the intermediate 
sandstone unit and which are illustrated in Figure 7. 



These piezometers have been used to date to monitor groundwater levels in the upper and intermediate 



sandstone units.   
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3.0 WATER LEVEL MEASUREMENTS AND REPORTING 



All groundwater level measurements will be conducted pursuant to ASTM standards or equivalent.  



The following steps will be performed for each groundwater level measurement event: 



Step 1: Inspection.  Prior to making the water level measurement, each piezometer 
will be inspected.  Any notable condition of the piezometer structure that could 
affect the water level measurement will be documented.   



Step 2: Static Water Level Measurement.  The static water level will be measured and 
recorded until reproducible results are obtained.  The static water level will be 
measured as the depth of water in the piezometer from the top of the casing 
and will be recorded to the nearest 0.01 foot.   



Water level measurements will continue semi-annually through the post-closure care period.  



The results of the water level measurements will be recorded for each piezometer and each water level 



measurement event.  The record will include the piezometer identification and date of water level 



measurement.   



All of the groundwater level measurements will be reported on an annual basis along with the water 



quality data submitted in accordance with Appendix F -- Groundwater Monitoring and Statistical 



Evaluation Procedures.  The groundwater level measurements will also be plotted and submitted with 



the annual report.   



4.0 GROUNDWATER SAMPLING AND ANALYSIS 



Pursuant to the conditional delisting, the leachate from the reconstructed cell leachate sumps is to be 



analyzed at least once a year.   



If, in the future, any of the constituents listed in Table G-1 are detected (pursuant to the inspection 



requirements set out in the Inspection and Maintenance Plan, Appendix C) in the leachate that collects 



in the reconstructed cell leachate secondary sump at levels above the action limit for PFOA/PFOS or 



the detection limits of the other constituents listed in Table G-1 (hereinafter “trigger limit”), the 



Permittee shall proceed as follows: 



Step 1: The detection of an analyte above its respective trigger limit listed in Table G-
1 shall be confirmed through a review of the QA/QC data to verify that 
acceptable field and laboratory data have been generated and recorded and, if 
appropriate, resampling of the leachate within forty-five (45) days of data 
receipt.  If the detection is not confirmed, the Permittee will continue with 
groundwater level measurements in accordance with Section 3.0 of this 
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Appendix G.  If the detection is confirmed, the Permittee will proceed to the 
following steps.  



Step 2: If detection of an analyte above its respective trigger limit listed in Table G-1 
is confirmed in the secondary sump leachate in Step 1, the Permittee will use 
reasonable efforts to identify and remedy the cause of the detection and will, 
within sixty (60) days after confirmation submit a report to the CDPHE for 
review and approval which: 



a. Contains the results of the field and laboratory analyses performed; 



b. Discusses the analytical results; 



c. Summarizes the efforts in identifying and remedying the cause of the 
detection; and 



d. Presents a plan for further work and monitoring (as and if necessary) 
together with any necessary permit modification requests for 
implementing such further work, to further identify and remedy the cause 
of the detection. 



Step 3: If detection of any VOC or PFOA/PFOS analyte above the action limit listed 
in Table G-1 is confirmed in the secondary sump leachate in Step 1, the 
Permittee will, within forty-five (45) days after confirmation of the detection, 
initiate the field activities for the installation of three groundwater monitoring 
wells in the upper sandstone unit and three groundwater monitoring wells in 
the intermediate sandstone unit at locations as generally shown in Figure 3 
and, upon completion of these groundwater monitoring wells, the Permittee 
will sample them in accordance with the procedures set forth in Sections 2.4 
and 2.6 of Appendix F for the following parameters: 



(i)  For detection of any VOC, the samples will be analyzed for the 
VOC constituents listed in Table F-1 of Appendix F in accordance with the 
laboratory analytical procedures listed in Section 2.5 of Appendix F.  The 
Permittee will also review the QA/QC data to verify that acceptable field and 
laboratory data have been generated and recorded and, if appropriate, resample 
any wells found to have unacceptable data.  



(ii) For detection of any PFOA/PFOS, the samples will be analyzed 
for PFOA/PFOS in accordance with the USEPA Method 537, Modified 
analytical procedures until EPA Method 8328 is finalized, and the Permittee 
will also review the QA/QC data to verify that acceptable field and laboratory 
data have been generated and recorded and, if appropriate, resample any wells 
found to have unacceptable data. 



If detection of arsenic above the action limit in Table G-1 is confirmed in the 
secondary leachate sump, the Permittee will, within forty-five (45) days after 
confirmation of the detection, either: 



a. Submit a report to the CDPHE demonstrating that the arsenic detection 
above the action limit in Table G-1 was caused by a source other than the 
waste in the reconstructed cell; or 











October 2019 G-4 18111727 
 



 



b. Initiate the field activities for the installation of three groundwater 
monitoring wells in the upper sandstone unit and three ground monitoring 
wells in the intermediate sandstone at locations as generally shown in 
Figure 3.  Upon completion of these groundwater monitoring wells, the 
Permittee will sample them in accordance with the procedures set forth in 
Sections 2.4 and 2.6 of Appendix F.  The samples will be analyzed for 
arsenic in accordance with the laboratory analytical procedures listed in 
Section 2.5 of Appendix F and the Permittee will also review the QA/QC 
data to verify that acceptable field and laboratory data have been gathered 
and recorded and, if appropriate, resample any wells found to have 
unacceptable data.  



Step 4: The Permittee will, within forty-five (45) days after receipt of the final 
laboratory results for the sampling event described in Step 3, submit a report 
to the CDPHE which:   



a. Outlines the activities performed; 



b. Contains all field information relevant to the installation of the new 
groundwater monitoring wells in the upper and intermediate sandstone 
units;  



c. Contains the results of the field and laboratory analyses performed 
including the information listed in Section 2.9 of Appendix F; 



d. Discusses the analytical results; and 



e. Presents a plan for further work (if necessary); together with any necessary 
permit modification requests for implementing such further work, to 
determine if the effectiveness and integrity of the reconstructed cell has 
been compromised. 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Attachment H 



 



Leachate Pumping Results 
  











April 2019 18111727



C:\Users\DSkinner\Golder Associates\P18111727, DACWPF Permit Renewal - Reports\DACWPF_Permit_Rpt_Dft_28Feb19\Appendices\Appendix H - Just include the 3 figures.xlsm\Figure 1



0



1,000



2,000



3,000



4,000



5,000



6,000



7,000



8,000



G
a
ll



o
n



s
 P



u
m



p
e
d



 



Date



FIGURE H-1



Pumping Summary
Primary and Secondary Sumps



Primary 
Sump



Secondary 
Sump



To
ta



l g
al



lo
ns











April 2019 18111727



C:\Users\DSkinner\Golder Associates\P18111727, DACWPF Permit Renewal - Reports\DACWPF_Permit_Rpt_Dft_28Feb19\Appendices\Appendix H - Just include the 3 figures.xlsm\Figure 2



0



20,000



40,000



60,000



80,000



100,000



120,000



140,000



160,000



180,000



200,000



C
u



m
u



la
ti



v
e
 G



a
ll



o
n



s
 P



u
m



p
e



d



Date



FIGURE H-2



Cumulative Pumping Summary 
Primary and Secondary Sumps



Primary
Sump
Secondary
Sump
Total











April 2019 18111727



C:\Users\DSkinner\Golder Associates\P18111727, DACWPF Permit Renewal - Reports\DACWPF_Permit_Rpt_Dft_28Feb19\Appendices\Appendix H - Just include the 3 figures.xlsm\Figure 3



0



1,000



2,000



3,000



4,000



5,000



6,000



7,000



8,000



G
a
ll



o
n



s
 P



u
m



p
e
d



 



Date



FIGURE H-3



Pumping Summary
Primary and Secondary Sumps



Primary
Sump
Secondary
Sump
Total











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Attachment I 



 



Personnel Training Plan 
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1.0 INTRODUCTION 



In accordance with the regulatory requirements of 6 CCR 1007-3, Section 100.41 (a)(12), this 



Training Plan has been developed for the post-closure care of the facility. 



2.0 POSITION (JOB) DESCRIPTIONS 



Training is tailored to prepare the worker to safely and effectively perform the functions of his/her 



position and to ensure that the worker will be able to respond effectively to emergency situations at 



the facility.  Job descriptions are the key to designing training programs because they identify the 



responsibilities and duties of each position. 



Position descriptions, including basic function, specific duties and responsibilities, and required 



qualifications will be maintained by the Permittee at the designated post-closure operational offices.  



A current list of job titles and the name of the worker (or third party contractor when appropriate) 



filling each respective position will also be maintained.  The facility organization and position 



descriptions may be changed from time to time, as the facility implements modifications to its post-



closure operations.  The Training Plan will correspondingly be amended to reflect these 



modifications. 



3.0 TRAINING FOR NEW PERSONNEL 



Personnel who are new to the facility (“new personnel”) will undergo introductory general training, 



which is defined in this section.  In addition, special skills training (e.g., sampling of monitoring 



wells) may be required depending on job duties, other assigned responsibilities, and the prior 



experience of the new personnel.  Some of the training requirements may be waived upon a 



demonstration of prior competence.  Proof of competence may consist of transcripts from academic 



institutions, certificates of course completion, and/or work experience. 



New personnel will complete a series of general training courses (including classroom and on the job 



instruction) to familiarize them with basic health and safety procedures, hazardous wastes, the 



facility, and the Contingency Plan.  These courses will be designed to give new personnel basic skills 



to protect themselves and others and to implement the Contingency Plan. 
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3.1 Basic Health and Safety Training 



New personnel in positions that involve potential contact with hazardous wastes will receive basic 



health and safety training.  This health and safety training will be conducted by qualified personnel 



and will meet OSHA requirements, pursuant to 29 CFR 1910.120, and include care, use, and 



limitations of protective equipment and clothing; chemical hazards and handling precautions; first 



aid; and regulatory requirements. 



3.2 Orientation 



New personnel will also undergo an orientation session to introduce them to the management and 



maintenance operations of the facility.  This orientation program will include procedures for entering 



and leaving the facility; facility layout; the nature and characteristics of hazardous wastes and 



materials at the facility; an overview of the facility's operations and safety rules; and general facility 



rules and administrative procedures; training requirements; and job duties. 



During orientation, new personnel will be thoroughly familiarized with the facility's Contingency 



Plan.  Training in emergency procedures will be provided by the Emergency Coordinator (EC), the 



alternate coordinator, or other qualified trainers.  At a minimum, it will include: 



• Description of possible emergency situations;



• Duties of the EC and others;



• Operation of communication systems;



• Location of emergency equipment; and



• Incident/action reporting mechanism(s).



This instruction will include a facility walk-through to:  (1) point out areas of potential risk; 



(2) identify what to look for; and (3) show where emergency equipment are located.  The Emergency 



Coordinator or other qualified trainer will ensure that new personnel have successfully demonstrated 



their knowledge of these topics. 
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4.0 TRAINING PROGRAM ADMINISTRATION 



The trainers (instructors) will be recognized consultants or specialists in the specific fields being 



taught  or will have broad experience in hazardous waste management.   



Training will be conducted in classroom meetings, small discussion groups, in-field exercises, 



emergency drills, and on-the-job.   



Corrective action will be taken as soon as a deficiency is observed so that the new personnel do not 



develop poor working habits. 



Completion of required training will be entered into the training record. 



New personnel will be allowed to perform work under reduced supervision at the facility when he or 



she has successfully demonstrated completion of the new personnel training requirements.  New 



personnel must successfully complete the required training within six months after the date of their 



employment or assignment to the facility, or to a new position at the facility. 



5.0 CONTINUING TRAINING 



Periodic "refresher" training will be required and provided, as discussed herein. 



5.1 Frequency of Training 



Continuing training is designed to maintain proficiency in job skills, increase safety and quality 



consciousness, and to teach new skills.  Such training will include regularly scheduled: 



• Annual protective equipment reviews;



• Annual Contingency Plan refresher training;



• As needed training to teach new skills, new operating procedures, or greater depth in



specific areas.



As-needed training will be provided to cover any changes in the facility plans, procedures, or 



operations, and to teach new skills -- either before or as such changes occur. 
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6.0 DOCUMENTATNION OF TRAINING 



Training records will be maintained.  They will include, as illustrated in the example training session 



record in Figure 1 of this Plan, a written description of the content of each training session, a list of 



attendees and trainers, the dates of training sessions, and the signatures of trainers and attendees 



certifying that the training was accomplished.  



Training documentation for each worker will be maintained throughout the post-closure period, or 



for at least 3 years after the date such worker last worked at the facility, whichever period is shorter. 











TRAINING SESSION RECORD 



Course: 



Date: 



Description of Training: 



Location/Time: 



Printed Name Signature Work Location 



Trainer(s)  Name: 



Trainer(s) Signature: 
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April 21, 2020 
 
Tom Schweitzer   Kelsea Dombrovski    Paula Smolen 
Waste Management  Arapahoe County    Community Advisory Group 
tschweit@wm.com    kdombrovski@arapahoegov.com  pmsmolen@yahoo.com  
 
RE: Final State RCRA Hazardous Waste Permit for Denver Arapahoe Chemical Waste Processing Facility 



(DACWPF), Response to Comments; EPA ID No.: COD000695007 
 
Mr. Schweitzer, Ms. Dombrovski, and Ms. Smolen: 
 
The Colorado Department of Public Health and Environment, Hazardous Materials and Waste Management 
Division (the Division) has made a final determination to approve the draft renewal of the Post-Closure Care 
permit for the Denver Arapahoe Chemical Waste Processing Facility (DACWPF) with the changes outlined in the 
attached response to comments in accordance with 6 CCR 1007-3, Section 100.511. An electronic copy of the 
final Permit is attached. Additionally one hard copy will be sent via certified mail to Waste Management. 
 
The Division received three comments on the draft DACWPF Post-Closure Care Permit. The Division has 
prepared a final response to all the comments which is attached to this correspondence.  
 
Issuance of the permit decision constitutes final agency action for the purposes of judicial review. The 
attached permit will become effective within thirty (30) days of the issuance date of the Permit. Procedures 
for appeal of State RCRA permits are found in 6 CCR 1007-3, Section 100.514. 
 
If any technical question, comment, or concern should arise regarding this correspondence please contact Mr. 
Richard Mruz of my staff at (303) 692-3332 or via email at richard.mruz@state.co.us. For any legal matter 
please contact Mr. David Kreutzer at david.kreutzer@coag.gov or via phone at (720) 508-6270. 
 
Sincerely, 
 
 
 
Robert Beierle, Unit Leader 
Hazardous Waste Corrective Action Unit 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
 
 
Attachments: Division responses to DACWPF draft permit public comments 
  Final DACWPF Post-Closure Care Permit 
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Denver Arapahoe Chemical Waste Processing Facility 
Draft Permit Public Comment Responses 



 
Arapahoe County Public Works and Development 
 
Comment 1: “The applicant should ensure continued compliance with all state and federal requirements.” 
 
Response: Through this permitting process Waste Management of Colorado is made aware of this 



comment. No changes have been made to the final permit due to this comment. 
 
Comment 2: “The applicant should be mindful of new or changing development in the vicinity, as new 



development may affect proper storage and protection of the materials.” 
 
Response: Through this permitting process Waste Management of Colorado is made aware of this 



comment. No changes have been made to the final permit due to this comment. 
 
Comment 3: “The applicant should reach out to Colorado Department of Wildlife and/or a similar entity to 



ensure potential impacts on wildlife have been properly mitigated.” 
 
Response: Through this permitting process Waste Management of Colorado is made aware of this 



comment. No changes have been made to the final permit due to this comment. 
 
Comment 4: “The applicant should reach out to the State Water Engineer or other relevant water 



resource to ensure all necessary water protection measures are in place.” 
 
Response: Through this permitting process Waste Management of Colorado is made aware of this 



comment. As an implementing agency for the Water Quality Control Division, the Division 
ensured waters of the State are being protected. No changes have been made to the final 
permit due to this comment. 



 
Comment 5: “Proper safety of the staff or contractors involved in testing and maintenance of the site 



should be prioritized.”  
 
Response: The Division has noted this comment. No changes have been made to the final permit due 



to this comment. 
 
Comment 6: “Emergency access and procedures should be updated regularly to ensure efficient 



response should there be an incident.” 
 
Response: The Division has noted this comment. No changes have been made to the final permit due 



to this comment. 
 
Comment 7: “Are there protections in place in case of ground disturbance, seismic activity, or another 



event that may compromise the reliability of the substrate and the liner?” 
 
Response: There are several protections in place. For example, the facility is required to inspect and 



maintain site security, inspect and maintain the cover, monitor leachate, pump, remove 
and properly dispose of any accumulated leachate, monitor groundwater, and report to the 
Division. Additionally, an institutional control has been drafted and will likely be recorded 
this year. There are a number of land-use restrictions within that institutional control that 
will provide another layer of protection. 
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Comment 8: “The Arapahoe County Comprehensive Plan has Goals, Policies, and Strategies pertaining to 



the Denver Arapahoe Disposal Site and the Lowry Superfund Site in the area. Review Goal 
RDS GM 1 and the subsequent Policies and Strategies for compliance.” 



 
Response: The Division has noted the cited information in the Arapahoe County Comprehensive Plan. 



No changes have been made to the final permit due to this comment. 
 
Paula Smolen (Lowry Landfill Community Advisory Group) comments 
 
Comment 1: “Has there ever been an issue with the data collected from the monitoring wells?” 
 
Response: Overall, data collected from onsite monitoring wells have been very reliable.  
 
Comment 2: “You know that well P114a had a very high pH level and needed to be replaced – What 



causes that higher reading? What does that mean?” 
 
Response: Monitoring well P-114A was replaced in 2016 due to observed well integrity issues in the 



later part of 2015. A video scope indicated that a well seal was failing. Wells are 
constructed using bentonite and other materials that have higher pH levels. Integrity issues 
could lead to high pH levels in groundwater samples. If monitoring wells are no longer 
producing reliable data they need to be replaced. Another monitoring well (P-114A-R) was 
drilled in close proximity to P-114A. So far, data collected from the replacement well have 
been reliable and have been similar to previous data. This further suggests that the 
previous pH levels were anomalous and did not represent accurate groundwater chemistry. 



 
Comment 3:  What does “changing action levels for containment in leachate” mean? One of the three 



minor changes noted on the Fact Sheet.” 
 
Response: Action levels are specific concentrations of constituents of concern that if exceeded 



demand action. If concentrations found in the leachate exceed action limits, the facility is 
required to monitor underlying shallow groundwater. During this renewal period the 
Division reviewed previous action levels, which were primarily based on multiples of 
laboratory analyses limits. The Division revised these levels to match, or be more 
comparable to, groundwater standards.  



 
Comment 4: “The flow is west from the containment site. I see Murphy Creek to the West. Is any of the 



getting into Murphy Creek? Or in the other ground water sources we have concern about?” 
 
Response: Based on thirty years of corrective action data, there has been no indication that DAWPF 



has contaminated Murphy Creek or other groundwater. Historic data indicates that the 
double lined DACWPF disposal cell is performing its intended function to contain solidified 
hazardous wastes. During this permit renewal process revisions have been made to 
leachate action levels. The new action levels are more protective of groundwater. 



 
Comment 5: “Is there any co-mingling of the COCs in that leachate with that of LLSS site? How do you 



know?” 
 
Response: The contaminants of concern found at DACWPF are being monitored in the primary and 



secondary leachate collection systems as well as in an underlying groundwater aquifer. No 
detectable concentrations of contaminants have been found in the secondary system or 
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groundwater. If action levels are exceeded in the secondary leachate collection system 
more monitoring wells are to be installed and other, shallower, aquifers will be tested.  



 
Comment 6: “Are there any air borne chemicals that contain COCs or other things we should be aware 



of?” 
 
Response: The wastes disposed of at DACWPF are buried and subsequently capped. There has been no 



indication that air borne chemicals are emitting from DACWPF at concentrations of 
concern. 



 
Waste Management of Colorado (WMC) comments 
 
Comment D.1.: “The second paragraph in Section 2.3 should be changed as shown in Exhibit A to 



account for the addition of the new constituent – PFOA/PFOS – which are neither 
VOCs nor metals.” 



 
Response: The Division agrees with this comment. The text in Section 2.3 has been amended 



in the final permit to reflect the proposed change (as found above in Comment 
D.1.). 



 
Comment D.2.: “Steps 3 and 5 of Section 2.4 should be changed as shown in Exhibit A to delete the 



sampling reference in Step 3 (which is limited to well purging) and include the 
sampling reference in Step 5 (which explains sample handling).” 



 
Response: The Division agrees with this comment. The text in Steps 3 and 5 of Section 2.4 has 



been amended in the final permit to reflect the proposed change (as found above 
in Comment D.2.). 



 
Comment E.1.: “The Action Limits for the existing Secondary Leachate Detection System Analytes 



should not be changed; and the Action Limit for the new indicator analyte – 
PFOA/PFOS – should be set no lower than 13.6 μg/L.” 



 
Response: New action limits were set to match risk based groundwater standards. If 



concentrations of constituents in the secondary containment exceeds standards, 
groundwater monitoring needs to be performed to demonstrate that releases above 
standards are not occurring from the DACWPF disposal cell. The secondary 
containment system is the last line of defense prior to the natural environment and 
waters of the State. 



 
 There is currently no specific groundwater standard listed in the Water Quality 



Control Commission’s Regulation No. 41, “The Basic Standards for Ground Water”, 
for PFOA/PFOS.  The U.S. EPA has issued a Drinking Water Health Advisory for 
PFOA/PFOS of 0.070 micrograms/liter (ug/L).  Above this level EPA recommends 
that drinking water systems takes steps to assess contamination, inform consumers 
and limit exposure. Based on the results of internal meetings, and external 
meetings with WMC, the Division has further revised Table G-1 and set the 
PFOA/PFOS action level to 0.2 ug/L.  Raising the PFOA/PFOS action level greater 
than 0.2 ug/L would not be considered protective of human health and the 
environment because PFOA/PFOS is known to be present in the primary leachate at 
1.2 ug/L.  
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Comment E.1.a.: “Action limits for existing analytes should not be changed.” 
 
Response: The Department understands how the Action Limits in the original permit were 



derived. When evaluating PFAS in the permit renewal it became evident that the 
Action Limits in the original permit were based on multiples of laboratory analysis 
limits, and couldn’t be justified given today’s standards. Therefore, the Action 
Limits for all constituents in Table G-1 were set to risk based groundwater 
standards. The Action Limits trigger groundwater monitoring well installation to 
monitor for potential releases and have nothing to do with WMC’s conditional 
delisting. 



   
Golder’s January 10, 2020 Technical Memorandum on dilution factors and travel 
times model migration only from the secondary sump area, vertically down to the 
lower sandstone unit and then to an existing compliance monitoring well. The 
Department has determined that releases from the landfill could occur anywhere in 
the landfill footprint, not necessarily only from the sump area. According to 
Golder’s model it would take contaminants approximately 3,600 years to migrate 
from the cell to wells positioned in the lower sandstone. The model also establishes 
a dilution factor of 181, meaning that any contaminant concentrations found in the 
lower sandstone aquifer would be 181 times less than what is detected in the 
secondary sump. 
 
The permit allows disposal of hazardous wastes in a contained cell, requires the 
cell to be monitored for releases to the environment, and requires a response when 
contaminants are released. This Post-closure Care Permit does not allow leachate 
disposal in any of the underlying subsurface. 
 



Comment E.1.b.: “Action limit for PFOA/PFOS should be set no lower than 13.6 ug/L.” 
 
Response: The Action Limits set in the original permit were primarily based on multiples of 



laboratory detection limits, not upon groundwater protection. Standards in the new 
permit are set to protect groundwater. Water in the area of the landfill is not 
currently consumed by humans, but that doesn’t justify contaminating it.  



 
The Risk Based Screening Levels (RBSLs) derived by WMC over two decades ago 
appear to evaluate the risk posed by applying the leachate as a dust suppressant 
onto the adjacent Denver Arapahoe Disposal facility, which is related to WMCs 
conditional delisting of the leachate. The Department doesn’t see the connection 
between spraying the leachate as a dust suppressant at the Denver Arapahoe 
Disposal Site (DADS) Landfill and allowing it to be released into the subsurface 
environment. 
 
The procedures used to comply with the delisting are not specified in the final 
permit. The delisting will be re-evaluated considering new sampling information 
and addressed at a later date when more information becomes available, if 
warranted. 
 



Comment E.2.: “The Action triggered by a confirmed detection in the secondary sump should be 
limited given the unique site characteristics of DACWPF.” 
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Response: Installing monitoring wells and sampling and analyzing groundwater from wells in 
the upper and intermediate sandstone units will provide groundwater quality 
information in closer proximity to the DACWPF disposal cell than the wells in the 
lower sandstone unit.  Information from the upper and intermediate units will 
assist the Department’s determination whether or not the disposal cell is releasing 
leachate to the environment and contaminating groundwater above standards.  



 
Based upon the computer modeling performed by Golder that indicates it could 
take thousands of years to detect a release in the lower sandstone unit, making 
monitoring in the upper and intermediate sandstone especially important. Earlier 
detection of a release would aide in adequately implementing corrective action. 
The more time that passes after a release increases the difficulty of adequately 
characterizing the release and taking corrective action measures.  



 
DACWPF’s permit requires groundwater chemistry monitoring in the lower 
sandstone groundwater aquifer. Under normal conditions, the Upper and 
Intermediate Sandstone units are only monitored for fluid levels and no samples are 
collected and analyzed in these shallower units. Any releases to the Upper and 
Intermediate Sandstone units have the potential to migrate laterally outside and 
past the current “RCRA Wells” monitored in the Lower Sandstone. Releases from 
the DACWPF disposal cell could conceivably by-pass the current groundwater 
quality monitoring network.  Therefore, it is important to monitor the Upper and 
Intermediate sandstone units if contaminants are detected in the secondary sump 
above action levels.   













Waste Management of Colorado, Inc. 
2400 West Union Avenue  
Englewood, CO  80110 
303-914-1445 (Phone) 
866-442-0285 (Fax) 



January 10, 2020 



Via email only 



Richard Mruz, Project Manager 
HMWMD B2 
4300 Cherry Creek Drive South 
Denver, CO 80246-1530 
richard.mruz@state.co.us 



RE: Denver Arapahoe Chemical Waste Processing Facility (DACWPF) 
Comments on Draft Renewal Permit 



Dear Richard: 



I am hereby submitting comments on the above-referenced draft renewal permit on behalf of 
Waste Management of Colorado, Inc., the permittee. 



A. Fact Sheet 



1. The description of the Facility should be changed in the Fact Sheet to:
The facility has been in post-closure care for approximately thirty (30) years. This will be
the second permit renewal.



The original permit was issued in 1999, and it was renewed once in 2009. 



B. Permit Text 



No comments. 



C. Appendices A, B, C, D, and E 



No comments. 



D. Appendix F 



1. The second paragraph in Section 2.3 should be changed as shown in Exhibit A to
account for the addition of the new constituent – PFOA/PFOS – which are neither VOCs nor 
metals.  





mailto:richard.mruz@state.co.us
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2. Steps 3 and 5 of Section 2.4 should be changed as shown in Exhibit A to delete the
sampling reference in Step 3 (which is limited to well purging) and include the sampling 
reference in Step 5 (which explains sample handling).   



 E. Appendix G 



1. The Action Limits for the existing Secondary Leachate Detection System
Analytes should not be changed; and the Action Limit for the new indicator analyte – 
PFOA/PFOS – should be set no lower than 13.6 µg/L. 



In the draft renewal permit, the list of Secondary Leachate Detection System Analytes and the 
Action Limits for those analytes (listed in Table G-1 of the draft renewal permit) have been 
changed from those contained in the current permit at Table A-8 as shown in the following 
Table 1: 



Table 1 



CONSTITUENT 
ACTION LIMIT IN 



CURRENT PERMIT 



ACTION LIMIT IN 
DRAFT RENEWAL 



PERMIT 



Benzene 10.0 5.0 



Carbon tetrachloride 50 5.0 



Chlorobenzene 50 100 



Chloroform 50 3.5 



1,2 Dichloroethane 50 5.0 



1,1 Dichloroethene 50 7.0 



Methyl ethyl ketone 1,000 1,000 



Tetrachloroethene 50 5.0 



Trichloroethene 50 5.0 



Vinyl Chloride 100 2.0 



Arsenic 100 10 



PFOA/PFOS* NA 0.07 



*New analyte



No technical justification was provided for the new (and generally lower) Action Limits 
proposed in the draft renewal permit for the existing analytes or for the extremely low Action 
Limit for PFOA/PFOS. As explained below: (a) the Action Limits in the current permit are highly 
conservative and protective of human health and the environment and should not be changed; 
and (b) the proposed Action Limit for PFOA/PFOS is overly conservative and should be changed 
to something comparable to the Action Limits in the current permit for the existing analytes.  
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a. Action Limits for existing analytes should not be changed.



The Risk Assessment supporting the delisting petition for the Reconstructed Cell leachate (Terra 
Technologies, January 30, 1998, attached hereto as Exhibit B) concluded that the proposed 
management option for that leachate (application for dust suppression at a Subtitle D facility) 
did not pose a risk to public health and the environment. In reaching that conclusion, the 
following exposure point concentrations (EPCs) were used in the risk calculations: “the 
maximum detected value [of the constituent] or ½ of the maximum detection limit [for that 
constituent], if no detections occurred.” 1998 Risk Assessment at 5-6. Since arsenic had been 
detected at 110 µg/L, that was the EPC value that was used to assess the risk of the proposed 
management option for that constituent. And, since none of the VOCs had been detected at 
their respective detection levels, the EPCs for those constituents were set at ½ their maximum 
detection limits. For example, the maximum detection limit for benzene was 10 µg/L, and the 
EPC value used for assessing risk of the proposed management option for that constituent was 
5 µg/L.  



Those maximum detection limits were then used as the Action Limits for the VOCs in the 
original Part B permit issued in 1999 and the first renewal of that permit issued in 2009. The 
Action Limit in these permits for arsenic was rounded down from 110 µg/L (the maximum 
detected value) to 100 µg/L. 



Subsequently, Terra Technologies developed risk-based screening levels (RBSLs) for the 
Secondary Leachate Detection System Analytes (as well as other constituents) to confirm that 
the management option authorized by the leachate delisting remained safe even if 
concentrations of the Secondary Leachate Detection System Analytes exceeded their respective 
EPCs and Action Limits (Terra Technologies, Updated RBSL Study, June 22, 2009 - attached 
hereto as Exhibit C). As shown in Table 2 below, the RBSLs for the original Secondary Leachate 
Detection System Analytes (excluding PFOA/PFOS for which there was no data in 1998 or 2008-
9) are all significantly higher (about 11 to 42,736 times higher) than the current Action Limits
for the existing Secondary Leachate Detection System Analytes. 
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Table 2 
 



Indicator Parameter  Secondary 
Leachate 
Detection System 
Analyte Action 
Limits in Current 
Permit (µg/L) 



Calculated RBSL 
in 2008-2009 
Study (µg/L) 



RBSL/Action 
Limit Factor 



Benzene  10 1,600 160.00 



Carbon tetrachloride  50 802 16.04 



Chlorobenzene  50 279,000 5580.00 



Chloroform  50 602 12.04 



1,2 Dichloroethane  50 536 10.72 



1,1 Dichloroethene  50 1,131,000 22620.00 



Methyl ethyl ketone  1,000 42,736,000 42736.00 



Tetrachloroethene  50 555 11.10 



Trichloroethene  50 6,410 128.20 



Vinyl Chloride  100 1,450 14.50 



Arsenic  100 3,630 36.30 



 



As demonstrated by the RBSL calculations, the Action Limits in the current permit are very 
conservative and, as such, there is no need to take any action as long as concentrations of these 
analytes in the secondary sump remain below their respective Action Limits. Nothing has 
changed that would justify a reduction of these Action Limits as is being proposed in the draft 
renewal permit (for all but two analytes – chlorobenzene and methyl ethyl ketone). This is 
especially true in this instance since the secondary sump leachate is pumped regularly to 
prevent any head build up, which essentially eliminates potential leachate/analyte migration 
from the secondary sump. As such, the Action Limits for the existing Secondary Leachate 
Detection System Analytes should not be changed in the final renewal permit. 
 
Further support of the protectiveness of the current Action Limits for the secondary sump 
analytes is provided by Golder’s Technical Memorandum on Dilution Factors and Travel Times 
attached hereto as Exhibit D (“Dilution Memo”). In that Dilution Memo, Golder calculates a 
flow rate, or flux, from the secondary sump, through the underlying claystone, to the Lower 
Sandstone Unit based on a number of conservative assumptions including the complete 
deterioration of the synthetic liner of the secondary sump (this very low permeability 
engineered component of the liner system is assumed absent). That flow rate (vertical seepage) 
is then compared to the calculated groundwater flux of the Lower Sandstone Unit which, 
although relatively small because of a flat gradient, is still two orders of magnitude higher than 
the flux from the secondary sump. As a result of these disparate flow rates, the Lower 
Sandstone Unit will dilute any analytes that theoretically could migrate from the secondary 
sump to the Lower Sandstone Unit by a factor of at least 181. As a result, the concentration of 
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any analyte that has been detected at its respective Action Limit in the secondary sump will be 
below the human health-based standard for that analyte when mixed in the Lower Sandstone 
Unit as shown in Table 3 below. 
 



Table 3 
Indicator Parameter Secondary 



Leachate 
Detection 
System Analyte 
Action Limits in 
Current Permit 
(µg/L) 



Action Limit 
divided by 181 
(µg/L) 



Health-Based 
Standard 



Benzene 10 .06  5.0 



Carbon tetrachloride 50 .28  5.0 



Chlorobenzene 50 .28  100 



Chloroform 50 .28  3.5 



1,2 Dichloroethane 50 .28  5.0 



1,1 Dichloroethene 50 .28  7.0 



Methyl ethyl ketone 1,000 5.5 1,000 



Tetrachloroethene 50 .28  5.0 



Trichloroethene 50 .28 5.0 



Vinyl Chloride 100 .55  2.0 



Arsenic 100 .55  10 



 
Stated another way, if any water in the Lower Sandstone Unit is ever consumed (an extremely 
unlikely scenario), the Action Limits in the current permit would be fully protective of that use.  



 
b. Action Limit for PFOA/PFOS should be set no lower than 13.6 µg/L. 



 
As for the Action Limit for the added Secondary Leachate Detection System Analyte – 
PFOA/PFOS – it should not be set at the EPA health advisory value of 70 ppt as is proposed in 
the draft renewal permit. That limit is overly restrictive and not technically justified since that 
health advisory is based on ingestion and no one will be drinking the secondary sump leachate. 
Further, as explained above, any PFOA/PFOS escaping the secondary sump will be diluted by a 
factor of at least 181 if it ever reaches the Lower Sandstone Unit.  
 
Instead, the Action Limit for PFOA/PFOS should be set at a value that is comparable to the 
Action Limits in the current permit for the original analytes since, as explained above, those 
Action Limits are fully protective of public health and environment. A comparable Action Limit 
for PFOA/PFOS should be based on multiplying the RBSL for PFOA/PFOS times a factor that is 
reasonably comparable to the RBSL/Action Limit Factors shown in the last column of Table 2 
above, such as the average (mean) or median of those factors.  
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Using assumptions similar to those used in its 2009 RBSL Study, Terra Technologies has 
calculated the RBSL for PFOA/PFOS as 88,300 µg/L. Terra Technologies 2019 (attached hereto 
as Exhibit E). Using the average (6,484) and the median (36.3) of the RBSL/Action Limit Factors 
shown in the last column of Table 2 above results in a range of reasonably comparable Action 
Limits for PFOA/PFOS from about 13.6 to 2,433 µg/L. There is simply no rational justification for 
setting the Action Limit for the new Secondary Leachate Detection System Analyte – 
PFOA/PFOS – any lower than 13.6 µg/L.    
 
This 13.6 µg/L floor for the PFOA/PFOS Action Limit is further supported by the 181  dilution 
factor developed by Golder. If any PFOA/PFOS is detected in the secondary sump at an Action 
Limit of 13.6 µg/L and the secondary sump fails (vertical migration of these analytes was able to 
occur and reach groundwater within the Lower Sandstone), the concentration of PFOA/PFOS in 
the Lower Sandstone would be 13.6/181 = .075 or 75 ppt, which is basically the same as EPA’s 
drinking water health advisory of 70 ppt.  



 
2. The Action triggered by a confirmed detection in the secondary sump should 



be limited given the unique site characteristics of DACWPF. 
 
In the current permit and the proposed renewal permit, the permittee is required to install 3 
groundwater monitoring wells in the Upper Sandstone Unit and 3 groundwater monitoring 
wells in the Intermediate Sandstone Unit if there is a confirmed detection of a Secondary 
Leachate Detection System Analyte above its respective Action Limit. 
 
Upon further review, there doesn’t appear to be any technical basis for sampling the Upper and 
Intermediate Sandstone Units for the presence of reconstructed cell analytes from a “leaky” 
secondary sump. As noted Golder’s Technical Memorandum on Recommendations for 
Monitoring Wells for DACWPF (attached hereto as Exhibit F), the Upper Sandstone Unit is 
located above the elevation of the bottom of the secondary sump.1 And, the Intermediate 
Sandstone Unit is generally a low permeability, laterally discontinuous unit located below the 
Upper Sandstone, but the only known saturated zone within that unit lies at the very south 
edge of the reconstructed cell. It is virtually impossible for any leak from the secondary sump to 
travel laterally to that sandstone lens.  
 
Simply put, installing groundwater monitoring wells into the Upper and Intermediate Sandstone 
Units and sampling whatever water might be intercepted by those wells, if any, will provide no 
meaningful information about the integrity of the secondary sump or the nature of a potential 
leachate release since wells installed in these units are incapable of providing information for 



                                                
1 Further, as the annual groundwater reports for DACWPF have demonstrated, the Upper Sandstone Unit 



appears to have been effectively dewatered by the perched water drain. 
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these purposes.  Since the predominant flow path of a leachate release from the secondary 
sump would be downward through the underlying claystone, the Lower Sandstone is the 
optimal monitoring unit to determine a potential leachate release and its significance. Further, 
the time of travel for such flow is estimated by Golder to be over 3,000 years. Thus, even if the 
secondary sump had failed at the moment it was completed in the late 1980s, that failure 
would still not have impacted the Lower Sandstone Unit.  Finally, Golder calculates that based 
on the groundwater gradient, hydraulic conductivity, and effective porosity of the Lower 
Sandstone, groundwater moves very slowly in this unit, on the order of only 0.0004 ft/day (i.e., 
0.15 feet per year, or 1.5 feet every 10 years).  At this rate, there would be ample time to 
address any analyte detections of concern prior to affected groundwater potentially migrating 
offsite toward possible receptors since the DACWPF property line is over 100 feet 
downgradient of the Lower Sandstone detection monitoring wells.   Therefore, monitoring only 
the Lower Sandstone is protective of human health and the environment and represents the 
best action if confirmed Action Limits are exceeded in the secondary sump.     
 
In light of this re-evaluation, the “Action” that is triggered by a confirmed detection of a 
Secondary Leachate Detection System Analyte above its respective Action Limit should be 
limited to the following modified Step 2 of Section 4.0 in Appendix G of the proposed renewal 
permit: 
 



Step 2: If detection of an analyte above its respective trigger limit listed in Table G-1 is 
confirmed in the secondary sump leachate in Step 1, the Permittee will use reasonable 
efforts to identify and remedy the cause of the detection and will, within sixty (60) days 
after confirmation submit a report to the CDPHE for review and approval which: 



a. Contains the results of the field and laboratory analyses performed; 
b. Discusses the analytical results; 
c. Summarizes the efforts in identifying and remedying the cause of the 



detection; and 
d. Presents a plan for further work and monitoring (as and if necessary) 
together with any necessary permit modification requests for implementing such 
further work, to further identify and remedy the cause of the detection and/or to 
determine if the effectiveness or integrity of the reconstructed cell have been 
compromised. 



 
Any action beyond this would be unreasonable and technically unjustified because it would 
essentially prejudge the cause of the confirmed detection which, at this time, is completely 
unknown and unknowable. 
 
There are three additional site-specific facts that justify the limited actions described above. 
First, as noted above, the leachate is pumped regularly to prevent any head build up in the 
secondary sump which essentially eliminates the potential for any leakage from the secondary 
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1.0 POINT OF COMPLIANCE 



The point of compliance for post-closure groundwater monitoring is the vertical plane located at the 



hydraulically downgradient limit of the waste management area that extends down into the uppermost 



aquifer (6 CCR 1007-3, Section 264.95).  In this case, the waste management area is defined as that 



area projected in the horizontal plane on which waste was placed into and on which liners and caps 



were constructed for the reconstructed cell.  Thus, the designated point of compliance for the 



reconstructed cell is just downgradient of the reconstructed cell.  See Figure 8. 



2.0 DETECTION MONITORING PROGRAM 



2.1 General 



The purpose of detection monitoring is to detect the release of hazardous waste constituents from the 



reconstructed cell at the designated point of compliance, should any release occur.  The elements of the 



detection monitoring program include the groundwater monitoring wells, indicator parameters, and 



background and detection monitoring. 



2.2 Groundwater Monitoring Wells 



The groundwater monitoring well network for post-closure care detection monitoring is designed to 



detect releases of contamination in the uppermost aquifer at the designated point of compliance and to 



assess the direction of groundwater flow in the vicinity of the reconstructed cell.  Six groundwater 



monitoring wells (P-112, P-113, P-114, P-114A, P-114A-R, and P-115) have been used to date.  



Four groundwater monitoring wells are currently used, and will continue to be used, to collect 



groundwater samples, since P-114A-R has replaced P-114 and P-114A.  Well P-112 is the designated 



upgradient monitoring well, whereas the other three wells are the designated downgradient wells.  



However, due to the documented spatial variability of the groundwater, detection monitoring is based 



on intra-well comparisons (i.e., the data from each well is compared to the background value for that 



well).   



The spacing of the downgradient monitoring wells located in the lower sandstone unit was based on 



the hydrogeologic characterization conducted by Golder.  A channel sand was encountered (lower 



sandstone) at approximately 80 feet below ground surface.  Wells were positioned in this channel sand 



located beneath the reconstructed cell for monitoring the entire width, including the fringes, on the 
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downgradient side of the reconstructed cell.  Well P-114A-R is (and P-114 and P-114A formerly were) 



located in the center of the channel sand, while P-113 and P-115 are located on the fringes of the 



channel. 



All monitoring wells were completed, and will be maintained, to ASTM Standard Guide D5092-04, 



“Standard Practice for Design and Installation of Ground Water Monitoring Wells.”  Additionally, all 



of these wells are designated as RCRA monitoring points and, as such, were designed to comply with 



6 CCR 1007-3, Part 264, Subpart F.  



Any wells deleted from the monitoring program must be plugged and abandoned in accordance with 



ASTM D5092-04.  Well plugging and abandonment methods and certification will be submitted to the 



Director, or designee, within one hundred twenty (120) days from the date the wells are removed from 



the monitoring program. 



2.3 Detection Monitoring Indicator Parameters 



Detection groundwater monitoring requires a suite of parameters be established for analyses that 



provide a reliable indication of the presence of hazardous constituents in groundwater.  The parameters 



selected should be the most accurate and reliable indicators of the leading edge of contamination and 



should provide minimal false positive and false negative statistical results. 



The constituents (and their respective reporting limits) listed in the following Table F-1 Volatile organic 



compounds (VOCs) and eight metals will be used as indicator parameters of groundwater 



contamination during post-closure care detection monitoring.  The VOCs and metals, and their 



respective reporting limits, are listed in the following Table F-1: 



TABLE F-1 



GROUNDWATER INDICATOR PARAMETER AND WASTE CONSTITUENT LIST 
(“Reporting Limits” are in μg/L = micrograms per liter) 



CONSTITUENT REPORTING LIMIT  
pH, Temperature, Conductivity NA 



Total Suspended Solids NA 
Benzene 5.0 



Bromoform 4.0 
Carbon Tetrachloride 1.0 



Chlorobenzene 5.0 
Chlorodibromomethane 5.0 
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CONSTITUENT REPORTING LIMIT  
Chloroethane 10.0 
Chloroform 3.5 



Dichlorobromoethane 
aka (Bromodichloromethane) 1.0 



1,1-Dichloroethane 5.0 
1,2-Dichloroethane 1.0 



1,1- Dichloroethylene 
aka (Dichloroethene) 5.0 



1,2-Dichloropropane 1.0 
cis-1,3-Dichloropropylene 



aka (Dichloropropene) 5.0 



Ethylbenzene 5.0 
Methyl bromide 



aka (Bromomethane) 10.0 



Methyl chloride 
aka (Chloromethane) 10.0 



Methyl ethyl ketone* 100.0 
1,1,2,2-Tetrachloroethane 5.0 



Tetrachloroethylene 
aka (Tetrachloroethene), 



(Perchloroethene) 
5.0 



Toluene 5.0 
1,2-Trans-dichloroethene 10.0 



1,1,1-Trichloroethane 5.0 
1,1,2-Trichloroethane 3.0 



Trichloroethylene 
aka (Trichloroethene) 5.0 



Vinyl Chloride 2.0 
PFOA/PFOS** 0.01 



Arsenic 10.0 
Barium 200.0 



Cadmium  5.0 
Chromium  (Total) 10.0 



Lead 5.0 
Mercury 0.2 
Selenium 5.0 



Silver 25.0 
   *Only to be analyzed if leachate in secondary sump exceeds the detection limit in Table G-1 



**Only to be analyzed if leachate in secondary sump exceeds the action limit in Table G-1 
 
2.4 Groundwater Sampling 



All sampling will be conducted pursuant to ASTM protocol or equivalent.  The following steps will be 



performed for detection groundwater monitoring: 
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Step 1. Inspection.  Prior to purging or sampling, each monitoring point will be 
inspected.  The condition of the sampling equipment and the well structure 
which could affect the collection system will be noted. 



Step 2. Static Water Level Measurement.  Prior to purging, the static water level will 
be measured and recorded until reproducible results are obtained.  The static 
water level will be measured as the depth to water in the well from the top of 
the casing and will be recorded to the nearest 0.01 foot.  Water level probes, 
which were calibrated when the wells were installed and need no additional 
calibration, will be inspected for damage prior to each sampling event. 



Step 3. Well Purging.  Monitoring wells will be purged prior to sample collection in 
order to obtain representative samples of the formation water rather than the 
stagnant water from the well casing.  Sampling will be performed consistent 
with ASTM D4448-01 – “Standard Guide for Sampling Ground-water 
Monitoring Wells” or equivalent.  Sampling for PFOA/PFOS will be 
conducted in general accordance with the February 8, 2019 Groundwater 
Screening Proposal, if required. Purging completion is based on achieving 
stabilization of the water level within the well and water quality field indicator 
parameters measured during purging.  Pump flow rates should be selected to 
approximate the yield of the well so that a stabilized pumping water level is 
achieved as quickly as practical, thus expediting the stabilization of the field 
indicator parameters.  Field indicator parameter measurements should be 
initiated when purging begins and continued at regular intervals until 
stabilization is achieved.  Purged water will be stored in 35-gallon or 55-gallon 
drums and disposed of appropriately following review of the laboratory 
analytical results.   



Step 4. Sample Withdrawal.  Once stabilization has been achieved during purging, 
sampling can be conducted at the same pumping rate or at a lower flow rate if 
desired.  If a sufficient amount of water is unobtainable for all analyses, the 
priority of analysis will be VOCs first and then metals.  If a sufficient amount 
of water is unobtainable for any analysis, the well will be considered dry, and 
the Permittee will not be considered out of compliance for that sampling event. 



Step 5. Sample Handling.  Samples for VOCs will be unfiltered and unpreserved in 
accordance with Colorado requirements.  Samples for metals will have the 
appropriate acid preservative added in the field and will be filtered through a 
0.45 micron membrane filter prior to preservation.  All bottles will be pre-
labeled and supplied by a pre-approved laboratory.  The VOC sample bottles 
will be 40 ml glass bottles which contain Teflon-lined septums in the cap.  
Each bottle will be filled slightly more than full prior to being capped to ensure 
that no head space exists once the bottle is capped.  Sampling will be 
performed consistent with ASTM D4448-01 – “Standard Guide for Sampling 











October 2019 F-5 18111727 
 



 



Ground-water Monitoring Wells” or equivalent. Sampling for PFOA/PFOS 
will be conducted in general accordance with the February 8, 2019 
Groundwater Screening Proposal, if required.  Immediately after sample 
collection, bottles will be placed in sealed, insulated shuttles, and packed with 
ice to cool the samples to a temperature of 4°C or less.  The shuttles will be 
shipped to the laboratory for arrival within 72 hours.   



Step 6. Chain-of-Custody Procedures.  The following chain-of-custody program will 
be used to trace the possession and handling of the individual samples.  
Samples from the same sample point that are placed in more than one sample 
cooler require a Chain-of-Custody Record in each sample cooler.  
Any problems with the sample cooler's contents will also be noted on the form.  
Upon receipt of the sample cooler by the lab, the condition of the samples, 
temperature, date, and time will be recorded on the Field Chain-of-Custody 
Record by the log-in personnel receiving the sample coolers.  The Field Chain-
of-Custody Record indicates by bottle and analysis group whether samples are 
preserved.  The sampling team must record the field filtration, preservative, 
and any deviations from normal preservation requirements on the Chain-of-
Custody Record (the sampler will initial the forms if this information is 
preprinted on forms provided by the lab).  Other Chain-of-Custody procedures 
are described in Section 2.6. 



2.5 Laboratory Analytical Procedures 



The laboratories approved for the detection groundwater monitoring program will use approved 



standard laboratory procedures as specified in EPA's Test Methods for Evaluating Solid Waste:  



Physical/Chemical Methods SW-846 2nd Edition, Standard Methods of Wastewater Analysis, or an 



equivalent method approved by the Department.  TestAmerica Laboratories Inc. in Arvada, Colorado 



or a similar environmental laboratory will perform chemical analysis of the groundwater.  



The particular SW-846 test methods will be as follows: 



CONSTITUENT EPA SW-846 TEST METHOD 



VOCs 8260B 



Arsenic, Barium, Cadmium, 
Chromium (total), Lead, 



Silver, Selenium 
6010B 



Mercury 7470A 



PFOA/PFOS* 537 Modified until 8328 is 
finalized 
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        * To be analyzed if leachate in secondary sump is above action limit listed in Table G-1 



2.6 QA/QC 



Quality Assurance and Quality Control (QA/QC) procedures will be applied to both field and analytical 



laboratory data in order to ensure the reliability and validity of the data.  The QA/QC procedures are 



described below. 



Field blank samples will not be required if each of the wells sampled has dedicated sampling equipment.  



If dedicated sampling equipment is not used, one field blank sample will be taken for every ten 



groundwater samples collected or one per day during each sampling event, whichever is greater, to 



detect contamination that may be introduced:  (1) in the field (either atmospheric or from specific 



sampling equipment); (2) in transit to or from the sampling site; (3) in sample container preparation, 



sample log-in, or sample storage stages within the laboratory; or (4) during sample processing and 



analysis within the confines of the laboratory.  A complete set of sample containers will be supplied by 



the laboratory and reagent-free deionized water will be used for the preparation of blank samples.  



Groundwater sampling procedures will be simulated for the filling of field blank samples.  The filled 



sample bottles will be packed with ice and shipped to the laboratory for analysis along with the 



groundwater samples. 



One QA duplicate will be collected for every twelve groundwater samples collected or one during each 



sampling event, whichever is more frequent, to be used as a check on the precision of sampling and 



analytical procedures.  During a sampling sequence, a blind duplicate sample will be taken from the 



selected monitoring well(s) simultaneously with the regular field sample and analyzed along with all 



samples.  During subsequent sampling rounds, different well(s) will be selected and the same 



procedures will be used to obtain the duplicate(s). 



The chain-of-custody record will be initiated at the time of sampling and will contain the well number, 



date and time of sampling, and the name of the sampler.  This record will accompany each sample case 



and will be signed by all who handle sample containers.  Sample transfers are noted on the record sheet 



for each sample.  Upon receipt of samples at the laboratory, the shipping container will be examined, 



and the condition of samples, including temperature, will be recorded.  The chain-of-custody 



procedures document sample transfer, sample possession, and sample integrity from collection through 



analysis.  If samples are split and sent to multiple laboratories, a chain-of-custody record sheet will 
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accompany each sample.  Copies of chain-of-custody forms will be maintained at the laboratory 



conducting the analyses. 



In addition, all laboratories will be required to maintain appropriate levels of quality control for all 



analyses performed. 



2.7 Background Monitoring 



A.  VOCs 



No VOCs have had a confirmed detection since interim status quarterly groundwater monitoring for 



VOCs began in 1990.  As a result, the "background" value for each of the VOCs is set at the "reporting 



limit" ("RL") listed in Table F-1.  The permit-required RL for each VOC listed in Table F-1 must be 



achieved when analyzing the samples.  



B.  Metals 



The background values for metals are the control limits and non-parametric prediction limits computed 



using the procedures outlined in the prior permit.  The current values are as follows: 



Constituent Units Well Background 
Value 



Arsenic, total recoverable UG/L P-112 10.0000* 
Arsenic, total recoverable UG/L P-113 10.0000* 
Arsenic, total recoverable UG/L P-114A 10.0000* 
Arsenic, total recoverable UG/L P-115 10.0000* 
Barium, total recoverable UG/L P-112 27.4055 
Barium, total recoverable UG/L P-113 22.9172 
Barium, total recoverable UG/L P-114A 43.2311 
Barium, total recoverable UG/L P-115 19.8164 
Cadmium, total recoverable UG/L P-112 5.0000* 
Cadmium, total recoverable UG/L P-113 5.0000* 
Cadmium, total recoverable UG/L P-114A 5.0000* 
Cadmium, total recoverable UG/L P-115 5.0000* 
Chromium, total recoverable UG/L P-112 10.0000* 
Chromium, total recoverable UG/L P-113 10.0000* 
Chromium, total recoverable UG/L P-114A 14.1000* 
Chromium, total recoverable UG/L P-115 10.0000* 
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Constituent Units Well Background 
Value 



Lead, total recoverable UG/L P-112 5.0000* 
Lead, total recoverable UG/L P-113 5.0000* 
Lead, total recoverable UG/L P-114A 5.0000* 
Lead, total recoverable UG/L P-115 5.0000* 
Mercury, total  UG/L P-112 0.2000* 
Mercury, total  UG/L P-113 0.2000* 
Mercury, total  UG/L P-114A 0.2000* 
Mercury, total  UG/L P-115 0.2000* 
Selenium, total recoverable UG/L P-112 5.0000* 
Selenium, total recoverable UG/L P-113 5.0000* 
Selenium, total recoverable UG/L P-114A 5.0000* 
Selenium, total recoverable UG/L P-115 5.0000* 
Silver, total recoverable UG/L P-112 25.0000* 
Silver, total recoverable UG/L P-113 25.0000* 
Silver, total recoverable UG/L P-114A 25.0000* 
Silver, total recoverable UG/L P-115 25.0000* 
*Detection Frequency < 25% 



 



These background values will be updated every other year using the additional data from the four most 



recent semi-annual monitoring events. 



C.  Others 



No background values have been, or will be, calculated for field parameters pH, temperature, 



conductivity, or TSS because these parameters will not be subject to statistical analysis. 



2.8 Detection Monitoring 



Detection monitoring for VOCs began in 2000.  Detection monitoring of metals began in 2003-- 



six months after the completion of the background monitoring for metals.  Detection monitoring will 



continue semi-annually through the post-closure care period or unless compliance or corrective action 



groundwater monitoring programs are established. 
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Due to the documented spatial variability of the natural groundwater chemistry, intra-well comparisons 



(i.e., the data from each well is compared to its own background history) will be the basis for 



determining if there is a statistically significant increase above background.  For informational 



purposes, a comparison of the designated upgradient well chemistry to the designated downgradient 



wells chemistry will also be provided. 



The actual process for detection monitoring will proceed in accordance with the following steps: 



Step 1. Sample monitoring points semi-annually.  The sampling points will be 
monitored for the indicator parameters listed in Table F-1, as well as for 
groundwater hydraulic information to establish flow rates and direction. 



Step 2. Review QA/QC data to verify that acceptable field and laboratory data have 
been generated and recorded.  If data is unsatisfactory, a Quality Assurance 
Review (QAR) will be performed and the affected well(s) resampled, if 
appropriate, within forty-five (45) calendar days of receipt of the sampling 
event data from the laboratory.  If the data is satisfactory, the process will 
proceed to Step 3. 



Step 3. Evaluate the sampling results by comparing the current sampling data for each 
well to the background value for that well.  In the event the current sampling 
data exceeds the background values, verification resampling will occur by 
collecting up to two (2) additional samples to determine if the initial 
exceedance is statistically significant above background.  If the first additional 
sample is below the background value, the initial exceedance is not verified 
and the well remains in detection monitoring.  If the first and second additional 
samples are above the background value, the initial exceedance is verified and 
is determined to be statistically significant (i.e., represents a statistically 
significant increase above background – SSI).   



Step 4. Identify SSIs, of any parameter.  Also, for informational purposes, compare 
the current sampling data for the designated upgradient well to the designated 
downgradient wells.  These evaluations will be performed within 45 days after 
receipt of final laboratory results for the sampling event including any 
additional samples required by Step 3. 



Step 5. If the results from Step 3 show that no SSI has occurred, the detection 
monitoring program will continue, beginning again with Step 1 and the results 
will be reported annually.  After four semi-annual samples, the background 
values for the metals will be updated using the additional data. 
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Step 6. If the results from Step 3 show that an SSI has occurred, the Department will 
be notified in writing within seven (7) days of the findings in Step 3 in 
accordance with 6 CCR 1007-3 Section 264.98 (g)(1) along with the 
Permittee's intentions with regard to a source demonstration pursuant to the 
requirements of 6 CCR 100 7-3 Section 264.98(g)(6).  



Step 7. If the results of Step 3 show an SSI has occurred and a source demonstration 
is not going to be conducted, the groundwater in all of the monitoring wells 
will be sampled and analyzed for 6 CCR 1007-3, Part 264, Appendix IX 
constituents within one month following the results of the additional sampling 
described in Step 3. 



Step 8. Within ninety (90) days following determination of an SSI, an application for 
permit modification will be submitted to the Director, or designee, for changes 
to the detection monitoring program, implementation of a compliance 
monitoring program, or a permit modification application for a variance; 
and/or the source demonstration report will be submitted. 



In addition to the notification requirements for an SSI, the Permittee will submit annual reports detailing 



the procedures, results, and statistical evaluations from the detection monitoring.  All annual reports 



will be submitted no later than 45 working days after receiving the laboratory analytical results from 



the last sampling event within the reporting period. 



All of the piezometric head information obtained from the RCRA groundwater monitoring wells will 



be reported along with the water quality data on an annual basis.  The water level data will also be 



plotted for each water level measurement event and submitted with the annual report.  This information 



will not be subjected to any statistical analysis.  It will, however, be used to evaluate upgradient and 



downgradient conditions.   



2.9 Data Management 



The results of the field and laboratory analyses performed on groundwater samples will be recorded for 



each sampling point and sampling event.  The records will include the following information: 



• Well identification and date of analysis; 



• Analytical results for all required sample parameters, as well as results for QA/QC 
duplicates and test blanks; 



• Field data (including temperature, pH, specific conductance, and water level); 
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• Description of analytical procedures and QA/QC protocol;  



• Chain-of-custody forms; 



• Summary of all computations (including example calculations; data for each of the 
calculations; each measured, known, or estimated value so that each calculation 
may be verified by the Director, or designee) required by this Permit to calculate 
background concentrations and to determine if there has been a statistically 
significant increase above background (SSI); and 



• Contaminant concentration maps including annotated values associated with each 
monitoring point, if contaminants above background are detected. 



Laboratory data will be presented in tabular and/or graphic form.  In addition, copies of the laboratory 



analysis and field (inspection) data sheets for the reporting period will be included in the annual report.  



All raw analytical data will be stored by the analytical laboratory or the Permittee. 



2.10 Data Confirmation Review 



Initial evaluation of groundwater analytical data will entail data confirmation through QA/QC review.  



The first step will be a thorough review of lab and field procedures, including review of field equipment 



calibration information, recoveries of spiked samples, and field blank analyses.  In addition, a detailed 



review of the chain-of-custody records for sampling, shipping, and preparation of the samples will be 



performed.  A QAR will be filed to determine if suspect data are the result of a mathematical error, a 



lab artifact, other lab errors, or a shipping/sampling problem should the initial cursory review prove to 



be ineffective or inconclusive.  At this stage of the groundwater data evaluation, data will be corrected 



if shown to result from a calculation error or a data transcription error.  Laboratory artifacts will be 



addressed individually. 



2.11 Permit Modification/Source Demonstration 



If an SSI is determined, the Permittee will invoke its option to submit a permit modification or 



implement a source demonstration investigation. 



3.0 COMPLIANCE MONITORING 



Data collected since background monitoring at the reconstructed cell facility was completed establish 



that there has been no SSI of any of the indicator parameters at any of the RCRA groundwater 



monitoring wells.  Therefore, pursuant to 6 CCR 1007-3, Section 100.41(c)(7), a compliance 
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monitoring program is not required.  If a SSI for any parameter at any of the RCRA groundwater 



monitoring wells is determined during detection monitoring, the Permittee will submit a permit 



modification application to establish a compliance monitoring program. 



4.0 CORRECTIVE ACTION 



A program for corrective action is not required pursuant to 6 CCR 1007-3, Sections 100.41 and 264.100, 



since there has been no SSI for any of the indicator parameters at any of the RCRA groundwater 



monitoring wells.  Should a corrective action program be required in the future, the Permittee will 



submit a permit modification application to establish such a program. 
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1.0 INTRODUCTION 
In 1998, Waste Management of Colorado, Inc. (WMCI) filed a Conditional Delisting Petition for 
Reconstructed Cell Leachate at the Denver Arapahoe Chemical Waste Processing Facility, Arapahoe 
County, Colorado.  A risk assessment based on 1998 analytical data was used to predict potential human 
health and environmental risks due to use of the leachate for dust suppression at a lined solid waste 
disposal facility.  WMCI continues to utilize this leachate for dust suppression.   
 
The leachate is applied to temporary cover only within an inactive area of the landfill, and haulers are 
not allowed onto the cover for at least 30 days following leachate application. Ultimately, additional 
layers of trash and cover are added which covers the soils to which leachate was applied.  
 
There are no current residents at the disposal facility; therefore, only WMCI workers that are actively 
engaged in applying the leachate and ecological receptors potentially contact the leachate or the soils to 
which leachate is applied.  The 1998 Risk Assessment, which focused on non-volatile constituents as 
volatiles had never been detected, indicated that personal protective equipment (PPE) should be worn by 
workers to avoid dermal contact with the leachate; therefore, workers wear protective gloves and boots 
(standard level D).   
 
The 1998 Risk Assessment was used to establish a leachate application rate of <3600 gallons per acre, 
which is the permitted amount.  However, typically less than 3600 gallons (13,600 L) is applied at any 
one time, but the application rate of <3600 gallons per acre is maintained. The leachate is sprayed from a 
truck with a 3 inch (7.62 cm) nozzle, from a height of approximately 5.5 feet (1.68 m) above ground 
surface.  It takes approximately 20 minutes to apply the leachate. The worker remains in the truck during 
this time (height approximately 6-7 feet (2 m) above ground surface).  The application is contained 
within the footprint of a lined cell so that percolation to groundwater is not a potential release. This also 
eliminates the potential for release to surface water, and any potential risks to benthic or aquatic life.   
 
Concentrations of analytes in leachate may vary over time from the concentrations used to predict risk in 
the 1998 Risk Assessment which provided the basis for the conditional delisting of the reconstructed cell 
leachate for use in dust suppression. As a result, risk-based screening levels (RBSLs) were developed in 
2008 (Terra Technologies, 2008) based on the parameters used in the 1998 Risk Assessment to provide 
WMCI with a tool by which they can determine if they are meeting the requirements of the Delisting 
Petition over time. The RBSLs were calculated for baseline conditions; i.e., in the event that PPE was 
not used.  They are therefore conservative for site conditions where use of PPE is mandatory. 
Additionally, the 2008 RBSLs are based on the Site-Specific Industrial Worker as defined in the 1998 
Risk Assessment which utilized conservative exposure parameters for frequency, duration, and exposure 
time.  The WMCI worker sprays leachate no more than 4 times (more likely 2 times) per year for a 
maximum of approximately 20 minutes, for up to a worker's typical career span of 30 years. Workers do 
not get out of the truck to contact wetted soils or leachate except in the rare event of equipment 
malfunction. The 2008 RBSLs were not developed for residential use since, under the conditional 
delisting, the leachate can only be applied at a solid waste disposal facility. It is extremely unlikely that 
residential use is a potential future use at that disposal facility and, even if it was, the leachate can not be 
applied to the final cover of the facility. 
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The purpose of this analysis was to compare the 1998 to current toxicity values, and also to critically 
evaluate exposure assessment assumptions and update the original exposure assumption estimates with 
site-specific data to the greatest extent possible.  Updated RBSLs are calculated based on updated values 
and modeling assumptions, and compared to those based on the values from the 1998 Risk Assessment 
that were used in the 2008 RBSL Report.   
 



2.0 METHODS 
RBSLs are soil and leachate concentrations that correspond to a preset target cancer risk or noncancer 
risk level for a given exposure scenario.  The RBSLs are designed to be compared directly to analytical 
data.  Figure 1 shows a conceptual model for the leachate application. 
 
Exposure pathways that were determined to be potentially complete in the absence of PPE are shown in 
Table 1. This includes incidental ingestion, dermal contact, and inhalation of dusts and vapors.  The soil 
contact equations presume that leachate is sprayed onto the soils, and that WMCI workers then contact 
the soils.  It is conservative in that there are no attenuation factors, and the equation assumes that any 
chemical in the leachate transfers directly to the soil.  In addition, direct ingestion and contact with 
leachate and inhalation of volatiles from leachate are considered.   
 
The equations used to derive these 2009 RBSLs for soil were obtained from EPA Region 3 (EPA, 2008) 
and are considered the “Regional Preliminary Remedial Goals (Regional PRGs)”, meaning that they 
represent current practice by multiple EPA regions.  They are derived from forward-type risk equations 
(EPA, 1989), which predict a risk based on a concentration in some exposure medium. However, the 
RBSL equations are “backward” in that risk is fixed at a target level, and the corresponding 
concentration in the exposure medium (soil or leachate) is then solved for.  This results in a media 
concentration associated with a preset or “target” level of risk. In order to evaluate the potential 
contribution of each pathway, the equations are solved for each exposure pathway separately prior to 
combining them for an overall RBSL.   
 
Section 2.1 presents the equations for the soil exposure pathways as they were applied in the 2008 RBSL 
Report and the 1998 Risk Assessment (collectively "2008/1998 Analysis"), and compares them to the 
current equations for the 2009 RBSLs. Exposure parameters and toxicity values applicable to the soil 
exposure pathways are also discussed. Section 2.2 presents the equations in the 2008/1998 Analysis 
compared to current equations for the leachate exposure pathways. Exposure parameters and toxicity 
values from the 2008/1998 Analysis are compared to those identified as site-specific at this time. Section 
2.3 demonstrates how the exposure to the separate media can be combined to produce a leachate 
concentration that can be safely applied accounting for all potential exposure pathways. 



2.1 Soil Exposure Pathways 
2.1.1 Equations 
2.1.1.1     2008/1998 Analysis 
 
Human health risk equations are specific to cancer and noncancer toxicological endpoints, and are 
described below.  The equation used in the 2008/1998 Analysis followed EPA guidance practiced in 
1998 and combined the soil ingestion, soil dermal contact, and particulate inhalation pathways for 
evaluation of risk as follows (EPA, 2004a):  
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Equation 1 – 2008/1998 Analysis Combined Soil Exposure, Cancer Risk 
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The receptor-specific parameters used in the 2008/1998 Analysis are defined in Table 2.  Current default 
EPA values are also shown in this table for comparison, as well as values recommended for use in the 
current analysis based on site-specific information.  While the 2009 exposure parameters differ from 
those used in the 2008/1998 Analysis, they reflect actual practice at the site. Therefore, any RBSLs 
derived using these parameters reflect a conservative but realistic concentration to which workers can be 
exposed without risk under baseline (i.e., no PPE) conditions.   
 
Table 3 presents the toxicity values from the 2008/1998 Analysis and those currently used by EPA.  
Toxicity values change over time as new data are introduced and older, obsolete values withdrawn.   
 
The inhalation cancer slope factor (CSFi) used in Equation 1 above is a derived value. The CSFi used in 
the inhalation component of Equation 1 was derived from the Inhalation Unit Risk (IUR) (Table 3) as 
shown in Equation 2 below.  The parameters are defined in Table 2. Use of a CSFi was considered 
standard practice at the time of the 1998 Risk Assessment (EPA, 2004a). 
 
Equation 2 – 2008/1998 Analysis Inhalation Cancer Slope Factor 
 



mgugmdkgugmIURdkgmgCSFi /100020/170/)/( 331 ×××=− −  
 
The equation used in the 2008/1998 Analysis to calculate the noncancer RBSL for soils differs from the 
cancer equation since it utilizes a target hazard quotient (THQ) instead of a target cancer risk (TR), and 
it relies on the RfD instead of the oral cancer slope factor (CSFo) as the toxicity endpoint.  The 
noncancer combined equation is as follows: 
 
Equation 3 – 2008/1998 Analysis Combined Soil Exposure, Cancer Risk 
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The inhalation reference dose (RfDi) was derived from the oral reference dose (RfD) as follows (EPA, 
2004): 
 
Equation 4– 2008/1998 Analysis Inhalation Noncancer Reference Dose 
 



kgdmmmgRfCdkgmgRfDi 70/1/20/)/( 33 ××=−  
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2.1.1.2    2009 RBSLs 
The approach for estimating the 2009 soil RBSL involves solving individual equations to obtain 
pathway-specific screening levels (SLs) in terms of milligram contaminant per kilogram soil (mg/kg) for 
the ingestion (ing), dermal (derm), and inhalation (inh) exposure pathways.  The inverse of the 
individual pathways is then summed to obtain a single soil concentration representative of all pathways.  
This allows identification of the most important exposure pathways and aids transparency.  Thus, to 
estimate cancer risk for soil exposure, the following equations are used (EPA, 2008): 
 
Equation 5 – 2009 Cancer Risk, Soil Ingestion 
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Equation 6 – 2009 Cancer Risk, Soil Dermal Contact 
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Equation 7 – 2009 Cancer Risk, Soil Inhalation 
 









 +××××××



×
=



PEFVFs
mgugIUR



h
dayETEDEF



ATcTRSLinh
11/1000



24
1



 



 
The current approach for estimating a noncancer RBSL for soil is (EPA, 2008): 
 
 
Equation 8 – 2009 Noncancer Risk, Soil Ingestion 
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Equation 9 – 2009 Noncancer Risk, Soil Dermal Contact 
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Equation 10 – 2009 Noncancer Risk, Soil Inhalation 
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The amount of chemical that enters the air as fugitive dust is estimated with the particulate emission 
factor (PEF).  The amount of chemical entering air in a vapor state due to volatilization from soil is 
estimated with the volatilization factor for soil (VFs).  The PEF was obtained from EPA (2008).  The VF 
was calculated with equations and parameters from EPA (2008), which in turn cites the Soil Screening 
Guidance (EPA, 1996): 
 
Equation 11 – 2009 Volatilization Factor for Soils 
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Where: 
VFs = Volatilization factor for soils (m3/kg) 
T  = Exposure interval (s) (Default value of 9.50E+08 used) 
ρb  = Dry bulk soil density (g/cm3) (Default value of 1.5 used) 
DA = Apparent diffusivity (cm2/s) 
Q/C  = Inverse of mean concentration at center of square source (g/m2-s per kg/m3) 
 



The default parameters for Equation 11 are not readily apparent from EPA (2008), and thus the 
parameters in the 1996 Soil Screening Guidance were used as the defaults.  EPA (2008) provides Q/C 
values by location and for different site sizes.  A value of 1 acre was used for the site to estimate Q/C 
because this is the size of the typical application area for the leachate; other Q/C values are shown below 
as a comparison: 
 



Q/C  for Denver, Colorado 
Site Size (ac)    O 0.5 1 2 5 10 30 Default 
Q/C 75.59 66.27 58.68 50.64 45.52 38.87 68.81 



  
 
The apparent diffusivity (DA) is chemical specific and was calculated from parameters and equations 
provided by EPA (2008) (Table 4).  DA, used to estimate VF, is calculated with Equation 12 (EPA, 
1996) below.   
 
Equation 12 – 2009 Apparent Diffusivity 
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Where:  



ρb = Dry bulk soil density (g/cm3) (Default value of 1.5 used) 
θa = Air filled soil porosity (L/L) (Default value of 0.28) 
n = Total soil porosity (L/L) (Default value of 0.43) 
θw = Water filled soil porosity (L/L) (Default value of 0.15) 
Kd = Soil-water partition coefficient (Koc*foc) 
Koc = Soil-water partition coefficient normalized for organic carbon (cm3/g) 
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foc = Fraction organic carbon (g/g) (Default value of 0.006) 
Dia = Diffusivity in air (cm2/s) 
Diw = Diffusivity in water (cm2/s) 
H’ = Henry’s law constant (dimensionless form) 
 



Default values for various soil properties from EPA (1996) are incorporated into the calculation of DA.  
The other values are chemical specific and are shown in Table 4. 
 
The parameters in the soil ingestion component of the 2009 equations are the same as those used in the 
2008/1998 Analysis.  However, the dermal contact pathway of the 2009 RBSL contains a new chemical-
specific parameter that accounts for the fraction of gastrointestinal absorption (GIABS).  The inhalation 
component of the 2009 RBSL now contains a parameter to estimate volatilization from soils (VFs), a 
correction factor for the fraction of the work day for which exposure occurs (exposure time (ET) of 8 
hours /day * 1 day/24 hours), and the toxicity values CSFi or RfCi are not used. Only the inhalation unit 
risk (IUR) or reference concentration (RfC) are applied to the inhalation component of the overall 2009 
RBSL.  These changes result in removal of body weight (BW) from the numerator, which also is 
different from the 2008/1998 version of the equations.  In addition, the parameter for inhalation rate was 
removed from the 2009 RBSL denominator as the equations are now based on air concentration, and not 
dose.  
 
The total cancer or noncancer soil screening level or soil RBSL for all soil-based pathways combined is 
calculated from the results of Equations 5, 6, and 7 for cancer; and 8, 9, and 10 for noncancer.  For soil, 
the total RBSL is as follows: 
 
Equation 13 – Total 2009 Soil RBSL as Expressed by Summation of Exposure Pathways 
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2.1.2 Parameters 
The receptor-specific parameters are presented in Table 2; chemical-specific exposure parameters are 
presented in Table 4.  EPA (2008) uses conservative parameters as the default values in the Regional 
PRGs.  However, many of these are not applicable to the existing known industrial use at the site.  The 
current EPA default exposure frequency (EF) and duration (ED) for workers is 250 days/yr for 25 years.  
The 2008/1998 Analysis used 60 days/yr for a period of 10 years.  This analysis uses site-specific data to 
develop a conservative estimate of EF of 4 days per year for an ED of 30 years. 
 
The current EPA default particulate emission factor (PEF) is lower than the value used for the site in the 
2008/1998 Analysis; an even lower value is obtained for the Denver area based on EPA (2008). Because 
it is a reciprocal in the denominator, a lower PEF results in a more conservative, lower RBSL.  Thus, 
estimation of particulate inhalation is more conservative in this analysis than previous work. 
 
EPA (2008) recommends less conservative factors for soil ingestion rate (IRS), surface area (SA), and 
adherence factor (AF) than used in the 2008/1998 Analysis (Table 2).  The ABS was set to a fixed value 
of 0.5 in the 2008/1998 Analysis, and now it varies by chemical.  When an ABS is not provided by EPA 
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(2004b), it is standard practice to not estimate dermal risk for that chemical.  Figure 2 shows a 
comparison of the various parameters grouped according to the exposure pathways they are applied to.    
 
In calculating the 2009 RBSLs, the default target cancer risk (TR) is conservatively set to the low end of 
the allowable risk range, 10-6, equivalent to a cancer risk of 1 excess cancer per million exposed people.  
The target hazard quotient (THQ) for predicting the risk of noncancer effects is set to one. These 
assumptions are similar in the 2008/1998 Analysis.  Sometimes other cancer risk levels are considered 
acceptable, as the target cancer risk range documented in EPA regulations is 10-6 to 10-4.  The THQ is 
always set to one. 
 



2.1.3 Toxicity Values 
Table 3 presents the current toxicity values compared to values reported in the 2008/1998 Analysis. 
Several toxicity values have changed over the last decade.  The 2008/1998 Analysis toxicity values were 
obtained from EPA’s Integrated Risk Information System (IRIS) and the EPA Health Effects Summary 
Tables (HEAST). The current values track to IRIS, HEAST, as well as other regulatory sources and 
were obtained from EPA (2008).  IRIS values are still considered the “best” toxicity endpoint, and the 
others are considered more uncertain and subject to change.  Caution should be used if making remedial 
decisions on any but IRIS toxicity values.  The RfDi and CSFi are no longer used.  Figure 3 shows a 
comparison of the current values to those used in the 2008/1998 Analysis. 
  



2.2 Leachate Exposure Pathways  
 
There are three potentially complete exposure pathways associated with leachate exposure by workers. 
These are direct ingestion, dermal contact, and inhalation of volatiles emanating from the spray as it is 
applied. 
 



2.2.1 Equations 
 
2.2.1.1   2008/1998 Analysis 
 
The equation that was used to calculate the cancer-based RBSL for leachate (termed the CL to 
distinguish it from soil screening levels) for ingestion of, and dermal contact with, leachate in the 2008 
RBSL Report was similar to the 1998 soil equations and utilized parameters from Tables 2 and 3. As 
described in Section 1, these RBSLs are derived for the “baseline” condition in that they assume that 
there is no PPE and that each of the potential exposure pathways is complete.  In the 2008/1998 
Analysis, a chemical specific permeability coefficient (PC) was required to estimate dermal uptake from 
liquids (Table 5):  
 
Equation 14- 2008/1998 Analysis Combined Leachate Exposure, Cancer Risk 
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The equation used to calculate the noncancer-based RBSL for ingestion of, and dermal contact with, 
leachate was:  
 
Equation 15- 2008/1998 Analysis Combined Leachate Exposure, Noncancer Risk 
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2.2.1.2   2009 RBSL 
 
The current approach used in this analysis to evaluate the 2009 leachate RBSLs remains consistent with 
the 2009 soil RBSL equation in that the different pathways are estimated separately, allowing 
conclusions to be drawn regarding the most important exposure pathways for any given analyte.   
 
The equation used for ingestion of leachate resembles that for tap water; however, incidental ingestion 
of leachate was presumed to resemble an ingestion rate of water lower than drinking water ingestion or 
incidental ingestion during swimming and not the higher ingestion rates due to potable use. It was 
assumed that at most workers would ingest 5 ml (1 teaspoon) of leachate per hour for a 20 minute 
duration of leachate application.  The factor for exposure time (ET) is removed from the 2009 RBSL 
denominator, and the units on ingestion rate (CR) are given in L/d instead of L/h as in the 2008/1998 
Analysis Equations 14 and 15, above.  Thus, the current equations are: 
 
Equation 16 –  2009 Cancer Risk, Leachate Ingestion 
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Equation 17 –  2009 Noncancer Risk, Leachate Ingestion 
 



dCR
RfDo



EDEF



ATncBWaTHQSLing
×××



××
=



1
 



 
The current approach used in this analysis for addressing dermal uptake is consistent with RAGS E 
(EPA, 2004b). Note that evaluating uptake from liquids is still not standard practice in the default PRG 
equations; the documentation for evaluating this exposure pathway is found in Appendix A of RAGS E 
(EPA, 2004b).  The approach involves estimating a dose absorbed from liquid across the dermal 
membrane into the body. The dermal absorbed dose (DAD) from liquids is as follows: 
 
Equation 18 – 2009 Equation for Estimating Dermal Absorbed Dose 
 



ATBW
EDEFEVSAteventKpC



dkg
mgDAD L



×
××××××



=
−



 



 
The parameters are defined in Table 2.  Equation 18 is multiplied by the CSFo to obtain cancer risk, or 
divided by the RfDo to obtain noncancer hazard quotient.  Either equation can be rearranged to solve for 
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the leachate concentration (CL), which is the basis of the screening level for the WMCI leachate in units 
of mg/L.  Pre-established cancer or noncancer risk levels (TR or THQ) are substituted for the variable 
risk obtained in forward risk equations.  The rearrangement produces equations for the pathway-specific 
screening levels (SLs) as follows:  
 
Equation 19 – 2009 Cancer Risk, Leachate Dermal Contact 
 



3/001.0 cmLEVSAwteventKpCSFoEDEF
ATcBWaTRSLderm



×××××××
××



=  



 
 
Equation 20 – 2009 Noncancer Risk, Leachate Dermal Contact 
 



3/001.01 cmLEVSAwteventKp
RfDo



EDEF



ATncBWaTHQSLderm
×××××××



××
=  



 



2.2.2 Leachate Volatilization Model  
Estimating inhalation of volatiles emanating from spray requires application of an air model to predict 
emissions and the resulting air concentration.  Several models were reviewed for applicability, including 
EPA’s IWAIR and WAT9.  Neither appeared satisfactory for the purpose of estimating emissions from 
spray. A review of the available literature indicated other analyses had applied what is known as a 
“shower model”. These are models designed to predict volatile organics (VOCs) in air due to use of 
contaminated water for showering.  There are models ranging from simple estimates based on Henry’s 
Law (H), to more complex models which are based on what is referred to as “two film theory” or “two 
resistance mass transfer theory” (EPA, 1996; Lewis and Whitman, 1924; Little, 1992; Smith et al., 1980; 
McKone, 1987; Moya et al., 1999).  Essentially, the more complicated models all recognize that transfer 
of a volatile from a liquid to air is dependent on the resistance to the exchange between the liquid and 
the gas phases, and the simple models predict air concentrations simply on the basis of partitioning and 
assumed equilibrium.  The simple models are more conservative as there is no “cap” on the 
concentration that can occur in air. 
 
A screening level model (Sanders, 2002) was applied that predicts air concentrations on the basis of 
Henry’s Law (H), and estimated air and water volumes. This screening model was developed for 
estimating exposure to VOCs in shower air: 
 
Equation 21 - Leachate Volatilization Model 
 















+



×=
Lair



L
Lair VVH



VH
CC



'
'  



Where: 
Cair  = estimated air concentration (mg/m3) 
CL  = leachate concentration (mg/m3) 
H′  = dimensionless Henry’s Law coefficient  
Vair  = volume of air for dispersal (L)  
VL  = volume of leachate (L)  
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Rearranging this model, the air concentration divided by the portion of equation 21 in parenthesis (the 
leachate volatilization factor or Vleach) yields the corresponding liquid concentration.  Simple 
substitution of the appropriate exposure parameters and site specific volume parameters results in a 
leachate concentration that would not exceed a safe air concentration under the modeling assumptions.   
 
The volume of leachate was set to 3600 gal (13,600 L). It is known that the leachate is rapidly applied to 
a surface area of 1 acre (43,560 ft2/ac or 4,050 m2/ac) from a height of nearly 6 ft (approximately 1.68 
m).  Vapors could dissipate upward or outward; thus a hypothetical box was assumed to occur between 
ground and 10 ft above ground (3.05 m) over the 1 acre parcel.  The volume of air in the 1 acre parcel, 
10 feet high is 12,352 m3 or 12,352,500 L. Obviously, any wind will increase dispersion beyond this box 
and thus result in lower air concentrations.  
 
The equations to predict cancer and noncancer risk due to volatilization from liquid to air are: 
 
Equation 22 –Volatilization from Spray, Cancer Risk 
 



Lair



L



VVH
VH



m
L



mg
gIUR



h
dEDEFET



ATcTRSLinh



+
×××××××



×
=



'
'



3
10001000



24
1 µ



 



 
Equation 23 – Volatilization from Spray, Noncancer Risk 
 



Lair



L



VVH
VH



m
L



RfCh
dEDEFET



ATcTHQSLinh



+
××××××



×
=



'
'



3
10001



24
1



 



 
The total cancer or noncancer screening level or RBSL for all leachate pathways combined is calculated 
from the results of Equations 16, 19, and 22 for cancer; and 17, 20, and 23 for noncancer, as follows: 
 
Equation 24 – Leachate RBSL, All Pathways Combined 



SLinhSLdermSLing



LmgRBSLleachate 111
1)/(



++
=  



 
 



2.2.3 Parameters 
The receptor-specific parameters are presented in Table 2; chemical-specific exposure parameters are 
presented in Table 4.  The standard surface area for dermal contact is now considered to be 3300 cm2 as 
a default and not 4700 cm2.  The permeability coefficients which are used to estimate dermal uptake 
from water or leachate are now termed Kp and not PC.  The underlying assumptions and equations used 
to calculate these Kp values were changed by EPA (2004b), so many of these differ from the ones used 
in the 2008/1998 Analysis.  The new Kp values (Table 4) were obtained directly from EPA (2004c).  
The units for surface area (SA) are now cm2, and not cm2/day.   
 



2.2.4 Toxicity Values 
The toxicity values are the same as those used for the soil exposure pathways (Section 2.1.3). 
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2.3 Combined Equation for Leachate and Soil Pathways 
 
In order to establish an RBSL protective of all of the soil and leachate pathways, the RBLSs derived for 
each medium must be combined.  In addition, the volume of leachate applied to a given area of soil must 
be factored in.  The equation used to combine the soil and leachate RBSLs can be visualized as follows: 
 
Equation 25 – RBSL Inclusive of All Exposure Pathways 



leachatesoil



all



RBSLRBSL



LmgRBSL 11
1)/(



+
=  



 
However, the RBSLs for soil and leachate cannot be additively combined as they are in terms of 
different units.  The concentrations in soil are themselves dependent on the leachate concentration  
(Figure 1).  A soil concentration can be linked to the leachate concentration as follows, conservatively 
assuming there is 100% efficiency in cross-media transfer: 
 
Equation 26 – Relationship of Soil Concentrations to Applied Leachate Concentrations 



Ms
VLCLCsoil 1**=  



 
Where:  
Csoil = Soil concentration (mg/kg) 
CL = Leachate concentration (mg/L) 
VL = Volume of leachate applied (13,626 L/ac) 
Ms = Mass of soil per acre (803,116 kg/ac)  
 
Equation 25 can therefore be rewritten as follows to solve for a leachate RBSL (i.e., the allowable 
leachate concentration) given all the potential exposure pathways.  Note that as described in Section 1, 
these RBSLs assume that there is no PPE and that the exposure pathways are complete.  Equation 27 is 
the equation for the leachate RBSL considering cumulative exposure across all soil and leachate 
pathways: 
 
 
Equation 27 – RBSL Inclusive of All Exposure Pathways and Media 



leachatesoil



all



RBSL
VL



MsRBSL



LmgRBSL
11



1)/(
+



×



=  



 
Where: 
RBSLall  = the allowable leachate concentration (mg/L) without PPE 
 
 











Terra Technologies Environmental Services LLC 12 



3.0 RESULTS 
Where toxicity data are lacking (Table 3), no predictions of risk can be made.  The current revision fills 
all gaps in the toxicity database relative to the 1998 Risk Assessment in that every chemical has either a 
cancer CSFo or a noncancer RfD by which to assess risk.  It is not uncommon for a chemical to have an 
RfD but not a CSFo as not all chemicals are known carcinogens.  These toxicity data represent the 
current scientific knowledge as typically applied to risk assessment.  Note that the 2008 RBSL Report 
did not include an RBSL for the following analytes due to lack of toxicity values in the 1998 Risk 
Assessment:  



• Trichloroethene, 
• m-, o- and p- Cresol, and 
• Lead 



 
These analytes have been addressed in this report. 



3.1 RBSL Concentrations by Medium 
Tables 6 and 7 present the soil RBSLs based on a cancer or a noncancer endpoint, respectively.  Tables 
8 and 9 present the leachate RBSLs predicted for a cancer or a noncancer endpoint.  The RBSL values 
are all based on current toxicity values; the only difference in the RBSLs is due to the underlying 
exposure parameters in Table 2.  The RBSLs are reported as follows: 



• EPA Default – these are RBSLs based on exposure parameters for a standard EPA default 
worker,  



• 2008/1998 - the “original” site receptor modeled with exposure parameters from the 1998 Risk 
Assessment and RBSL equations presented in the 2008 RBSL Report, and  



• 2009  –the RBSLs are based on exposure parameters that are based on current site-specific 
parameters.  



 
The volatilization from spray to air pathway is the most conservative pathway for the VOCs and 
SVOCs.   



3.2 Effect of Exposure Parameters on RBSLs 
For soils and leachate, the EPA standard parameters result in the lowest RBSLs.  These parameters are 
overly conservative for this site, as they are based on workers exposed all day (8 hr) throughout a 250 
day work year.  The application is much less frequent; workers are only exposed at most 4 days per year, 
and the application is completed within no more than 20 minutes.  Thus, actual exposure to onsite 
workers is much lower than the default values.  
 
Revising the parameters relative to those used in the 2008/1998 Analysis also produces a higher RBSL. 
For some of the chemicals, the range of the RBSLs produced by standard EPA default parameters, the 
2008/1998 values, and the 2009 values is nearly two orders of magnitude due to modifying the exposure 
assumptions to reflect site-specific conditions.  The difference across all chemicals is not consistent 
because some chemicals are not evaluated for every pathway  



3.3 RBSLs for All Exposure Pathways and Media Combined 
Table 10 presents the leachate RBSLs for all potential exposure pathways and all media combined.  
These are conservative estimates, particularly for the VOCs, since loss of chemical to air is not 
accounted for in estimating the soil concentrations.    
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3.4 Comparison of RBSLs to Measured Data 
Table 11 compares the leachate RBSLs to measured concentrations or reporting limits for samples from 
the Primary Sump, which is the more contaminated of the sumps.  Only the following five analytes have 
been detected in that sump: 



• Tetrachloroethene, 
• Trichloroethene, 
• Cadmium, 
• Nickel, and 
• Total Cyanide.  



 
None of the detections exceed the 2009 RBSLs.  However, tetrachloroethene, trichloroethene, and total 
cyanide detections exceed the RBSLs based on EPA default parameters.  Tetrachloroethene exceeds the 
2008 RBSL as well.  Note that these are all volatile, and it is the inhalation of vapors emanating from 
leachate during spraying pathway that drives the analysis.  This is readily apparent by comparing the 
RBSLs in Tables 6 through 9.  The lowest RBSL for any given exposure pathway has the greatest 
influence on the total RBSL for all exposure pathways.  
 
Numerous reporting limits exceed the minimum RBSL based on EPA default exposure parameters; 
fewer reporting limits exceed the RBSLs based on the 2008/1998 Analysis; and the reporting limits for 
only two analytes (pentachlorophenol and hexachlorobenzene) exceed the 2009 RBSL. However, 
neither of these two chemicals has been detected at its method detection limit of 0.0185 mg/L, which is 
lower than the 2009 RBSL.  



3.5 Lead 
Lead risks are evaluated in risk assessments with a pharmacokinetic model (EPA, 1994; EPA, 2003).  
The allowable lead concentration in soil (taking into consideration the exposure pathways of particulate 
inhalation, soil ingestion, and soil dermal exposure) is 800 mg/kg for non-residential sites, and the 
maximum allowable concentration (MCL) of lead in drinking water is 0.015 mg/L.   
 
Lead has not been detected in the leachate at a reporting limit of 0.03 mg/L. At a concentration of 0.03 
mg/L, and a leachate application rate of 3,600 gal/ac (13,626 L/ac), the amount of lead applied would be 
408 mg/ac. Applying a soil mass of 803,116 kg/ac, this amounts to 0.0005 mg/kg lead due to leachate 
application, which is far less than the allowable lead soil concentration of 800 mg/kg for non-residential 
sites. The additional soil concentration due to leachate application (0.0005 mg/kg) is very low and well 
below the industrial PRG. 
 
A person drinking a typical 2 L of water per day at a concentration equal to the MCL of 0.015 mg/L 
would ingest a total amount of 0.03 mg/d lead.  At the much lower site-specific incidental ingestion rate 
of leachate (1 teaspoon), only a small fraction of this allowable total amount would be ingested 
(0.00002475 mg/d).  A leachate concentration of over 18 mg/L would be required to exceed the 
allowable daily dose of 0.03 mg/d lead in drinking water. This concentration far exceeds the reporting 
limit for lead of 0.03 mg/L and lead has never been detected at that reporting limit. Therefore, there is no 
risk from lead for exposure directly to leachate by ingestion or dermal contact. 
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3.6 Uncertainty Analysis 
All risk assessments contain uncertainties.  The purpose of the uncertainty analysis is not to remove 
these uncertainties, but to identify them and predict their effect on the risk assessment results.   
 
There are typical uncertainties that are associated with the underlying toxicity data, which are often 
extrapolated from animal studies and contain uncertainty factors due to database adequacy.  There are 
also uncertainties because of the receptor parameters as well.  In general, the conservative exposure 
parameters applied are expected to represent any potentially exposed workers. 
 
There are uncertainties regarding the modeling of volatilization from leachate to air during spray 
application.  A simple conservative model was applied which is expected to over-predict air 
concentrations.  Although it is known that the leachate spray is released from a height of 5.5 ft (1.68 m), 
the volume of air into which the vapors disperse is an unknown.  It was assumed that the “box” that 
defined the air volume and model boundaries was 1 acre to a height of 10 feet (3.05 m) above ground 
surface.  The actual air concentrations could locally be higher if application rate is to a smaller area 
which thus concentrates the vapors or if the application rate is higher than 3600 gal/ac. Conversely, the 
actual air concentrations could be much lower if the leachate is applied during even a slightly breezy day 
which would increase dispersion.   
 
The concentration of VOCs and SVOCs in soils is likely to be over-predicted because the amount lost to 
the air was not subtracted from the amount falling onto the soil.  If the bulk of the chemical 
concentration is released to the air as predicted by the model, then the amount reaching soil is minimal. 
Thus, the overall contribution of soil to the RBSL is overly conservative. 
 



4.0 CONCLUSIONS AND RECOMMENDATIONS 
Variation in exposure parameters and toxicity values since 1998 produces different results in the risk 
numbers.  Figure 2 shows how the receptor-specific parameters differ between standard EPA default 
values, values used in the 2008/1998 Analysis, and this site-specific 2009 risk assessment.  Some values 
are lower, and others higher.  This indicates that differences in the RBSLs may not be straight-forward.   
 
The current analysis brought the toxicity values up to date. Some values increased, some decreased, and 
some have been discontinued since the original 1998 Risk Assessment.  This too affects the RBSLs. 
 
It appears that the original analysis used for the delisting petition remains conservative and protective, 
because re-evaluation using site-specific and realistic exposure parameters, despite the fact that 
additional potentially complete exposure pathways are included in the analysis, results in higher RBSLs 
than those developed in 2008 using the toxicity and risk assessment assumptions from the 1998 Risk 
Assessment.    
 
The RBSLs based on the site-specific 2009 parameters indicate that the leachate is safe to apply, and 
that there is no risk to workers at a target cancer risk of 10-6 and a target hazard quotient for noncancer 
effects of one. Further, these RBSLs assume that no PPE is worn even though workers are required to 
wear standard level D protection.  
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For most SVOCs and VOCs, volatilization from the leachate as it is applied is predicted to result in the 
lowest RBSL (i.e., be the most conservative pathway).  Note that these results are based on a highly 
conservative screening model that does not account for wind movement that would dilute the potential 
air concentration.   
 



5.0 REFERENCES 
Gray, D., Pollard, S.J.T., Spence, L., Smith, R., and J. R. Gronow.  2005. Spray Irrigation Of Landfill 
Leachate: Estimating Potential Exposures To Workers And Bystanders Using A Modified Air Box 
Model And Generalised Source Term. Environmental Pollution 133:587-599. 
 
Lewis, W.K., and W.G. Whitman.  1924.  Principals of Gas Absorption.  Industrial and Engineering 
Chemistry 16:1215-1220. 
 
Little, J.  1992. Applying the Two-Resistance Theory to Contaminant Volatilization in Showers.  
Environmental Science and Technology 26:1341-1349. 
 
McKone, T.E. 1987.  Human Exposure to Volatile Organic Compounds in Household Tap Water: The 
Indoor Inhalation Pathway. Environmental Science and Technology 21:1194-1201. 
 
Moya, J., C. Howard-Reed, and R.L. Corsi.  1999.  Volatilization of Chemicals From Tap Water to 
Indoor Air from Contaminated Water Used for Showering. Environmental Science and Technology 
33:2321-2327. 
  
Smith, J.H., D.C. Bomberger, Jr., and D.L. Haynes.  1980. Prediction of the Volatilization Rates of 
High-Volatility Chemicals from Natural Water Bodies. Environmental Science and Technology 
14:1332-1337. 
 
Terra Technologies.  1998.  Risk Assessment for Reconstructed Cell Sump Leachate for the Denver 
Arapahoe Chemical Waste Processing Facility.  Prepared for Waste Management of Colorado, Inc.  
January 30, 1998.   
 
Terra Technologies Environmental Services.  2008.  Technical Memorandum.  Development Of Risk 
Based Screening Levels (RBSLS) For Reconstructed Cell Leachate at the Denver Arapahoe Chemical 
Waste Processing Facility Arapahoe County, Colorado.  September 25, 2008.  Revised April 13, 2009  
Prepared for Waste Management of Colorado, Inc.  January 30, 1998.   
 
U.S. Environmental Protection Agency (EPA).  1989.  Risk Assessment Guidance for Superfund.  
Volume I.  Human Health Evaluation Manual Volume I. Part A.  Interim Final.  December 1989. 
 
U.S. Environmental Protection Agency (EPA). 1994.  Technical Support Document: Parameters and 
Equations Used in the Integrated Exposure Uptake Biokinetic Model for Lead in Children (v0.99d).  
EPA 540/R-94/040, December 1994.  
 
U.S. Environmental Protection Agency (EPA).  1996.  Soil Screening Guidance: Technical Background 
Document.  EPA/540/R95/128.  May 1996. 











Terra Technologies Environmental Services LLC 16 



 
U.S. Environmental Protection Agency (EPA).  1998.  Petroleum Refining Process Wastes. Notice of 
Data Availability (NODA) – April 8, 1997. Background Document; Non-Groundwater Pathway Risk 
Assessment; Petroleum Process Waste Listing Determinations. Appendix C.  Inhalation Exposure to Tap 
Water Through Showering- Literature and Model Review. 
http://www.epa.gov/osw/hazard/wastetypes/wasteid/petroleum/#nongw    
 
U.S. Environmental Protection Agency (EPA).  2003.  Rcommentdations of the Technical Review 
Workgroup for Lead for an Approach to Assessing Risks Associated with Adult Exposures to Lead in 
Soil.  EPA/540/R-03/001. January 2003. 
 
U.S. Environmental Protection Agency (EPA).  2004a.  Users’ Guide And Background Technical 
Document For USEPA Region 9's Preliminary Remediation Goals (PRG) Table.  
http://www.epa.gov/region09/waste/sfund/prg/ 
 
U.S. Environmental Protection Agency (EPA).  2004b. Risk Assessment Guidance for Superfund 
Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk 
Assessment).  Final.  EPA/540/R/99/005. July, 2004. 
 
U.S. Environmental Protection Agency (EPA).  2004c. Worksheets to Calculate Dermal Absorption of 
Organic and Inorganic Chemicals from Aqueous Media (latest version 04/01).  
http://www.epa.gov/oswer/riskassessment/ragse/pdf/org04_01.pdf 
http://www.epa.gov/oswer/riskassessment/ragse/pdf/inorg04_01.pdf 
  
U.S. Environmental Protection Agency (EPA).  2008. Regional Risk Based Concentrations or 
Preliminary Remedial Goals (PRGs).  Master Screening Level Table Run September 12, 2008.  
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm 
 





http://www.epa.gov/oswer/riskassessment/ragse/pdf/org04_01.pdf


http://www.epa.gov/oswer/riskassessment/ragse/pdf/inorg04_01.pdf


http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm








Terra Technologies Environmental Services LLC 17 



TABLES AND FIGURES 
 
   



Table 1.  Potentially Complete Exposure Pathways Evaluated as a 
Component of the RBSLs 



Medium  Industrial Land Use 



Leachate  Incidental Ingestion  
  Dermal absorption 
 Inhalation of volatiles emanating from spray  
Soil Incidental Ingestion 
   Inhalation of particulates 
 Inhalation of volatiles emanating from soil 
   Dermal absorption 
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Table 2.  Receptor-Specific Exposure Parameters Used in the RBSL Equations 



Exposure 
Type Parameter Name and Units Abbreviation EPA Default 



Worker  
2008/1998 Industrial 



Worker 
2009 Site-Specific 
Industrial Worker 



General 
 
 
 
 
 
 
 
 



Adult Body Weight (kg) BWa 70 70 70 
Exposure Frequency (d/yr) EF 250 60 4 
Exposure Duration-Adult (yr) ED 25 10 30 
Exposure Time (hr/d) ET 8 8 0.33 
Number of Events Daily (unitless) EV 1 1 1 
Averaging Time - Cancer (days) ATc 25550 25550 25550 
Averaging Time Adult - Noncancer (ED*365) 



 
ATnc 9125 3650 3650 



Target Hazard Quotient  (unitless) THQ 1 1 1 
Target Risk (unitless) TR 1.00E-06 1.00E-06 1.00E-06 
Cancer Slope Factor, oral (mg/kg-d)-1 CSFo Varies Varies Varies 
Cancer Slope Factor, inhalation (mg/kg-d)-1  CSFi NA Varies NA 
Inhalation Unit Risk (ug/m3)-1 IUR Varies Varies Varies 
Noncancer Reference Dose (mg/kg-d) RfD Varies Varies Varies 
Noncancer Inhalation Reference Dose (mg/kg-d) RfDi NA Varies NA 
Reference Concentration (mg/m3) RfC Varies Varies Varies 



Conversion 
Factors 



Volumetric Conversion Factor (L/cm3) CFw 1.00E-03 1.00E-03 1.00E-03 
Mass Conversion Factor (mg/kg) CF1 1.00E+06 1.00E+06 1.00E+06 
Time Conversion Factor (d/h) CFt 0.04 0.04 0.04 
Mass Conversion Factor (kg/mg) CF2 1.00E-06 1.00E-06 1.00E-06 
Mass Conversion Factor (mg/ug) CF3 1.00E-03 1.00E-03 1.00E-03 



Leachate 
Ingestion and 
Dermal Contact 
and Inhalation 
  
  



Leachate Concentration (ug/L) CL Varies Varies Varies 
Event Time (hr)  tevent 0.58 8 0.33 
Hourly Incidental  Leachate Ingestion Rate (L/h) CRh  0.05 a 0.001 0.005 
Daily Incidental  Leachate Ingestion Rate (L/d) CRd 0.4a NA 0.0017 
Surface Area - Adult (cm2) SAw 3300 4700 3300 
Permeability Constant PC 



  
Varies Varies Varies 



Soil Ingestion, 
Dermal Contact, 
and Inhalation 
  
  
  
  
  



Estimated Soil Concentration Following Leachate 
  



Csoil Varies Varies Varies 
Particulate Emission Factor (m3/kg) PEF 1.40E+09 4.63E+09 6.1E+08b 
Volatilization Factor (m3/kg) VFs Varies Varies Varies 
Soil Ingestion Rate - Adults (mg/d) IRS 100 480 100 
Gastrointestinal Absorption Factor GIABS Varies NA Varies 
Surface Area - Adult (cm2) c SA 3300 4700 3300 
Adherence Factor - Adult (mg/cm2) AF 0.2 1 0.2 
Skin Absorption (unitless) ABS Varies 0.50 Varies 
Inhalation Rate - Adult (m3/h) IRA NA 0.83 NA 



Notes:  
NA – Not applicable 
EPA values are from EPA (2008) unless otherwise noted below: 



a. A standard parameter is lacking. Value shown based on incidental ingestion during swimming is 50 ml/hr as a default (EPA, 1989) * 8 hr/d. A current site value of 5 ml/hr (1 teaspoon) for 
the 18 minute exposure (rounded up to 20 minutes or 0.33 hr) is shown. 



b. Denver CO, 10 acre site, Q/Cwind is 42.1486 (EPA, 2008 Calculator) 
c. Units were cm2/day, now are cm2 
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Table 3.  Toxicity Values 



Analyte 



2008/1998 Risk Assessment 2009 Risk Assessment 
CSFo 



(mg/kg-day)-1 
IUR 



(ug/m3)-1 
RfD 



 (mg/kg-day) 
CSFo 



(mg/kg-day)-1 
IUR 



(ug/m3)-1 
RfD 



 (mg/kg-day) 
RfC  



(mg/m3) 
Arsenic 1.5E+00 4.3E-03 3.0E-04 1.5E+00 4.3E-03 3.0E-04 3.0E-05C 
Barium     7.0E-02     2.0E-01 5.0E-04H 
Benzene 2.9E-02 8.3E-06   5.5E-02 7.8E-06  4.0E-03 3.0E-02 
Cadmium (Diet) 6.3E+00 1.8E-03 1.0E-03  1.8E-03 1.0E-03  
Cadmium (Water)     5.0E-04   1.8E-03  5.0E-04  
Carbon Tetrachloride 1.3E-01 1.5E-05 7.0E-04 1.3E-01 1.5E-05 7.0E-04 1.9E-01A 
Chlordane 1.3E+00 3.7E-04 6.5E-05 3.5E-01 1.0E-04 5.0E-04 7.0E-04 
Chlorobenzene     2.0E-02     2.0E-02 5.0E-02P 
Chloroform 6.1E-03 2.3E-05 1.0E-02 3.1E-02 2.3E-05 1.0E-02 9.8E-02A 
Chromium (III)     1.0E+00     1.5E+00  
Cresol, m-           5.0E-02   
Cresol, o-            5.0E-02  
Cresol, p-            5.0E-03H  
 Hydrogen Cyanide     2.0E-02     2.0E-02 3.0E-03 
Dichlorobenzene, 1,4-     8.0E-01  5.4E-03C 1.1E-05C   8.0E-01 
Dichloroethane, 1,2- 9.1E-02 2.6E-05   9.1E-02 2.6E-05  2.0E-02P 2.4E+00A 
Dichloroethylene, 1,1- 6.0E-01 5.0E-05 9.0E-03   5.0E-02 2.0E-01 
Dichlorophenoxy Acetic Acid, 
2,4-     1.0E-02     1.0E-02 



 



Dinitrotoluene, 2,4-     2.0E-03     2.0E-03  
Endrin     3.0E-04     3.0E-04  
Heptachlor 4.5E+00 1.3E-03 5.0E-04 4.5E+00 1.3E-03 5.0E-04  
Heptachlor Epoxide 9.1E+00 2.6E-03 1.3E-05 9.1E+00 2.6E-03 1.3E-05  
Hexachlorobenzene 1.6E+00 4.6E-04 8.0E-04 1.6E+00 4.6E-04 8.0E-04  
Hexachlorobutadiene 7.8E-02 2.2E-05   7.8E-02 2.2E-05 1.0E-03 P  
Hexachlorocyclohexane, 
Gamma- (Lindane)     3.0E-04 1.1E+00 C 3.1E-04 C 3.0E-04 



 



Hexachloroethane 1.4E-02 4.0E-06 1.0E-03 1.4E-02 4.0E-06 1.0E-03  
Lead               
Mercury (value for HgCl)     3.0E-04     3.0E-04  
Methoxychlor     5.0E-03     5.0E-03  
Methyl Ethyl Ketone (2-
Butanone)     6.0E-01     6.0E-01 



5.0E+00 



Nickel      2.0E-02     2.0E-02  
Nitrobenzene     5.0E-04     5.0E-04 2.0E-03H 
Pentachlorophenol 1.2E-01 3.4E-05 3.0E-02 1.2E-01  3.0E-02  
Pyridine     1.0E-03     1.0E-03  
Selenium     5.0E-03     5.0E-03  
Silver     5.0E-03     5.0E-03  
Tetrachloroethylene     1.0E-02 5.4E-01C  5.9E-06 C 1.0E-02 2.7E-01A 
Thallium     8.0E-05     6.5E-05S  
Toxaphene 1.1E+00 3.2E-04   1.1E+00 3.2E-04    
Trichloroethylene       1.3E-02C   2.0E-06C    
Trichlorophenol, 2,4,5-     1.0E-01     1.0E-01  
Trichlorophenol, 2,4,6- 1.1E-02 3.1E-06   1.1E-02 3.1E-06  1.0E-03P  
Trichlorophenoxy) Propionic 
Acid, 2(2,4,5-     8.0E-03     8.0E-03 



 



Vinyl Chloride 1.9E+00     7.2E-01  4.4E-06 3.0E-03  1.0E-01 
Notes: 
The source of these toxicity values is EPA (2008).  All values were obtained by EPA from IRIS unless otherwise indicated by EPA (2008) as follows: C- 
California EPA; P – PPRTV ; H – HEAST; S - The oral RfD for thallium was derived from the IRIS oral RfD for thallium sulfate by factoring out the 
molecular weight (MW) of the sulfate ion. Thallium sulfate (Tl2S04) has a molecular weight of 504.82. The two atoms of thallium contribute 81% of the MW. 
Thallium sulfate's oral RfD of 8E-05 multiplied by 81% gives a thallium oral RfD of 6.48E-05 (EPA, 2008, User’s Guide, Section 5); A –ATSDR 
Blank cells indicate data are lacking.
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Table 4.  Chemical Specific Parameters Used in the Current Soil RBSL Equations 



Analyte Name 



Henry's Law 
Constant 



(H') 
(cm3/cm3) 



Diffusivity 
in Air 
(Dia) 



(cm2/s) 



Diffusivity 
in Water 



(Diw) 
(cm2/s) 



Soil-Water 
Partition 



Coefficient 
(Koc) (cm3/g) 



Apparent 
Diffusivity 



(DA) 
VFs @ 1 



ac (m3/kg) 



Dermal 
Permeability 



Constant (Kp) 
 (cm/h) GIABS 



Vleach 
 (Eq 21) 



Arsenic, Inorganic     NA NA 1.00E-03 1.0 NA 
Barium     NA NA 1.00E-03 0.1 NA 
Benzene 2.30E-01 9.00E-02 1.00E-05 165.5 9.44E-04 3.93E+03 1.49E-02 1.0 1.10E-03 
Benzene 2.28E-01 8.80E-02 9.80E-06 66 1.93E-03 2.75E+03 1.49E-02 1.0 1.10E-03 
Cadmium (Diet)     NA NA 1.00E-03 0.025 NA 
Cadmium (Water)     NA NA 1.00E-03 0.05 NA 
Carbon Tetrachloride 1.10E+00 5.70E-02 9.80E-06 48.64 5.44E-03 1.64E+03 1.63E-02 1.0 1.10E-03 
Chlordane 2.00E-03   86650 NA NA 3.78E-02 1.0 7.11E-04 
Chlorobenzene 1.30E-01 7.20E-02 9.50E-06 268 2.80E-04 7.21E+03 2.82E-02 1.0 1.09E-03 
Chloroform 1.50E-01 7.70E-02 1.10E-05 35.04 1.77E-03 2.87E+03 6.83E-03 1.0 1.10E-03 
Chromium (III) (Insoluble Salts)     NA NA 1.00E-03 0.0 NA 
Cresol, m- 3.50E-05 7.30E-02 9.30E-06 434 7.12E-08 4.52E+05 7.77E-03 1.0 3.39E-05 
Cresol, o- 4.90E-05 7.30E-02 9.30E-06 443.1 8.89E-08 4.05E+05 7.66E-03 1.0 4.69E-05 
Cresol, p- 4.10E-05 7.20E-02 9.20E-06 434 7.85E-08 4.31E+05 7.66E-03 1.0 3.95E-05 
Hydrogen Cyanide 5.40E-03 1.70E-01 1.70E-05  NA NA 1.00E-03 1.0 9.16E-04 
Dichlorobenzene, 1,4- 9.90E-02 5.50E-02 8.70E-06 434 1.04E-04 1.19E+04 4.20E-02 1.0 1.09E-03 
Dichloroethane, 1,2- 4.80E-02 8.60E-02 1.10E-05 43.79 5.75E-04 5.03E+03 4.20E-03 1.0 1.08E-03 
Dichloroethylene, 1,1- 1.10E+00 8.60E-02 1.10E-05 35.04 9.50E-03 1.24E+03 1.17E-02 1.0 1.10E-03 
Dichlorophenoxy Acetic Acid, 2,4- 1.40E-06   29.41 NA NA NA 1.0 1.40E-06 
Dinitrotoluene, 2,4- 2.20E-06   363.8 NA NA 3.08E-03 1.0 2.20E-06 
Endrin 2.60E-04   10600 NA NA 1.22E-02 1.0 2.10E-04 
Heptachlor 1.20E-02   52410 NA NA 8.64E-03 1.0 1.01E-03 
Heptachlor Epoxide 8.60E-04   5260 NA NA NA 1.0 4.83E-04 
Hexachlorobenzene 7.00E-02   3380 NA NA 1.34E-01 1.0 1.09E-03 
Hexachlorobutadiene 4.20E-01   993.5 NA NA 8.09E-02 1.0 1.10E-03 
Hexachlorocyclohexane, Gamma- (Lindane) 2.10E-04   3380 NA NA 1.08E-02 1.0 1.76E-04 
Hexachloroethane 1.60E-01   224.7 NA NA 3.01E-02 1.0 1.10E-03 
Lead and Compounds     NA NA NA 1.0 NA 
Methoxychlor 8.30E-06   42550 NA NA NA 1.0 8.24E-06 
Methyl Ethyl Ketone (2-Butanone) 2.30E-03 9.10E-02 1.00E-05 3.827 8.84E-05 1.28E+04 9.63E-04 1.0 7.46E-04 
Mercuric Chloride     NA NA 1.00E-03 0.1 NA 
Nickel Soluble Salts     NA NA 2.00E-04 0.04 NA 
Nitrobenzene 9.80E-04 6.80E-02 9.40E-06 190.8 2.82E-06 7.18E+04 NA 1.0 5.19E-04 
Pentachlorophenol 1.00E-06   3380 NA NA 3.93E-01 1.0 9.99E-07 
Pyridine 4.50E-04 9.30E-02 1.10E-05 33.01 7.51E-06 4.40E+04 NA 1.0 3.20E-04 
Selenium     NA NA 1.00E-03 1.0 NA 
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Table 4.  Chemical Specific Parameters Used in the Current Soil RBSL Equations 



Analyte Name 



Henry's Law 
Constant 



(H') 
(cm3/cm3) 



Diffusivity 
in Air 
(Dia) 



(cm2/s) 



Diffusivity 
in Water 



(Diw) 
(cm2/s) 



Soil-Water 
Partition 



Coefficient 
(Koc) (cm3/g) 



Apparent 
Diffusivity 



(DA) 
VFs @ 1 



ac (m3/kg) 



Dermal 
Permeability 



Constant (Kp) 
 (cm/h) GIABS 



Vleach 
 (Eq 21) 



Silver     NA NA 6.00E-04 0.04 NA 
Tetrachloroethylene 7.20E-01 5.00E-02 9.50E-06 106.8 2.13E-03 2.614E+03 3.34E-02 1.0 1.10E-03 
Thallium (Soluble Salts)     NA NA 1.00E-03 1.0 NA 
Toxaphene 2.50E-04   99300 NA NA 1.19E-02 1.0 2.04E-04 
Trichloroethylene 4.00E-01 6.90E-02 1.00E-05 67.7 2.46E-03 2.43E+03 1.16E-02 1.0 1.10E-03 
Trichlorophenol, 2,4,5- 6.60E-05 5.60E-02 6.50E-06 1186 3.23E-08 6.71E+05 NA 1.0 6.23E-05 
Trichlorophenol, 2,4,6- 1.10E-04 3.10E-02 8.10E-06 1186 3.17E-08 6.77E+05 3.50E-02 1.0 1.00E-04 
Trichlorophenoxy) Propionic Acid, 2(2,4,5- 3.70E-07   80.4 NA NA NA 1.0 3.70E-07 
Vinyl Chloride 1.10E+00 1.10E-01 1.20E-05 23.74 1.40E-02 1.02E+03 5.60E-03 1.0 1.10E-03 



Notes:  
NA – Not available 
 
Source:  
Vleach, DA and VFs are calculated with equations presented in the text.  Other parameters were obtained from EPA, 2008.   http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/xls/params_sl_table_run_12SEP2008.xls 











Terra Technologies Environmental Services LLC 22 



 
Table 5. Permeability Coefficients Used in the 2008/ 1998 Risk Assessment 



Analyte CAS 
PC  



(cm/h) 



1,1-Dichloroethylene 75-35-4 1.60E-02 
1,2-Dichloroethane 107-06-2 5.30E-03 
1,4-Dichlorobenzene 106-46-7 6.20E-02 



2,4,5-TP (Silvex) 93-72-1 1.00E-02 
Cresol, m- 108-39-4 1.00E-02 



Cresol, o- 95-48-7 1.00E-02 
Cresol, p- 106-44-5 1.00E-02 



Arsenic 7440-38-2 1.00E-03 
Barium 7440-39-3 1.00E-03 
Benzene 71-43-2 2.10E-02 



Butadiene, 1,3- 106-99-0 2.30E-02 
Cadmium 7440-43-9 1.00E-03 



Carbon tetrachloride 56-23-5 2.20E-02 
Chlordane 57-74-9 5.20E-02 
Chlorobenzene 108-90-7 4.10E-02 



Chloroform 67-66-3 8.90E-03 
Chromium 16065-83-1 1.00E-03 



Cyanide (hydrogen) 74-90-8 1.00E-03 
Dichlorophenoxy Acetic Acid, 2,4- 94-75-7 1.00E-02 



Dinitrotoluene, 2,4- 121-14-2 3.80E-03 
Endrin 72-20-8 1.60E-02 
gamma-BHC (Lindane; Hexachlorocyclohexane) 58-89-9 1.40E-02 



Heptachlor 76-44-8 1.10E-02 
Heptachlor epoxide 1024-57-3 1.10E-02 



Hexachlorobenzene 118-74-1 2.10E-01 
Hexachlorobutadiene 87-68-3 1.20E-01 
Hexachloroethane 67-72-1 4.20E-02 



Mercury 7487-94-7 1.00E-03 
Methoxychlor 72-43-5 1.00E-02 



Methyl ethyl ketone (2-Butanone) 78-93-3 1.10E-03 
Nitrobenzene 98-95-3 1.00E-02 



Nickel 7440-02-0 1.00E-03 
Pentachlorophenol 87-86-5 6.50E-01 
Pyridine 110-86-1 1.00E-02 



Selenium 7782-49-2 1.00E-03 
Silver 7440-22-4 1.00E-03 



Tetrachloroethylene (PCE) 127-18-4 4.80E-02 
Thallium 7440-28-0 1.00E-03 
Toxaphene 8001-35-2 1.50E-02 



Trichloroethylene (TCE) 79-01-6 1.60E-02 
Trichlorophenol, 2,4,5- 95-95-4 1.01E+00 



Trichlorophenol, 2,4,6- 88-06-2 5.00E-02 



Vinyl chloride 75-01-4 7.30E-03 
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Table 6.  Soil RBSLs Based on a Cancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact with 



Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



VOCs                         



Benzene 5.2E+01 No ABS 6.18E+00 5.5E+00 1.1E+02 No ABS 6.43E+01 4.1E+01 2.7E+03 No ABS 7.80E+03 2.0E+03 
2-Butanone (MEK) No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Carbon Tetrachloride 2.2E+01 No ABS 1.34E+00 1.26E+00 4.8E+01 No ABS 1.39E+01 1.08E+01 1.1E+03 No ABS 1.69E+03 6.83E+02 



Chlorobenzene No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Chloroform 9.2E+01 No ABS 1.53E+00 1.50E+00 2.0E+02 No ABS 1.59E+01 1.48E+01 4.8E+03 No ABS 1.93E+03 1.38E+03 



1,2-Dichloroethane 3.1E+01 No ABS 2.37E+00 2.21E+00 6.8E+01 No ABS 2.47E+01 1.81E+01 1.6E+03 No ABS 3.00E+03 1.06E+03 
1,1-Dichloroethene No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Tetrachloroethene 5.3E+00 No ABS 5.43E+00 2.68E+00 1.2E+01 No ABS 5.66E+01 9.56E+00 2.8E+02 No ABS 6.86E+03 2.65E+02 



Trichloroethene 2.2E+02 No ABS 1.49E+01 1.40E+01 4.8E+02 No ABS 1.55E+02 1.17E+02 1.1E+04 No ABS 1.88E+04 7.13E+03 



Vinyl Chloride 4.0E+00 No ABS 2.84E+00 1.66E+00 8.6E+00 No ABS 2.96E+01 6.68E+00 2.1E+02 No ABS 3.59E+03 1.96E+02 



SVOCs                         



Dichlorobenzene, 1,4- 5.3E+02 No ABS 1.32E+01 1.29E+01 1.2E+03 No ABS 1.38E+02 1.23E+02 2.8E+04 No ABS 1.67E+04 1.04E+04 



Dinitrotoluene, 2,4- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Hexachlorobutadiene 3.7E+01 5.56E+01 7.80E+05 2.21E+01 8.0E+01 8.13E+01 2.69E+07 4.02E+01 1.9E+03 2.90E+03 4.29E+08 1.15E+03 



Hexachloroethane 2.0E+02 3.10E+02 4.29E+06 1.23E+02 4.4E+02 4.53E+02 1.48E+08 2.24E+02 1.1E+04 1.61E+04 2.36E+09 6.41E+03 
Nitrobenzene No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Pentachlorophenol 2.4E+01 1.45E+01 NA 9.00E+00 5.2E+01 2.11E+01 NA 1.50E+01 1.2E+03 7.53E+02 NA 4.69E+02 



Pyridine No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Cresol, m- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Cresol, o- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Cresol, p- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Pesticides                         



2,4,5-TP (Silvex) No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
2,4-D (Dichlorophenoxy Acetic Acid) No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Chlordane 8.2E+00 3.10E+01 1.72E+05 6.47E+00 1.8E+01 4.53E+01 5.91E+06 1.27E+01 4.3E+02 1.61E+03 9.45E+07 3.37E+02 
Endrin No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



gamma-BHC (Lindane; Hexachlorocyclohexane) 2.6E+00 9.85E+00 5.54E+04 2.06E+00 5.6E+00 1.44E+01 1.91E+06 4.06E+00 1.4E+02 5.13E+02 3.05E+07 1.07E+02 
Heptachlor 6.4E-01 9.64E-01 1.32E+04 3.83E-01 1.4E+00 1.41E+00 4.55E+05 6.97E-01 3.3E+01 5.02E+01 7.27E+06 2.00E+01 



Heptachlor epoxide 3.1E-01 4.76E-01 6.60E+03 1.89E-01 6.8E-01 6.97E-01 2.27E+05 3.45E-01 1.6E+01 2.48E+01 3.63E+06 9.87E+00 
Hexachlorobenzene 1.8E+00 2.71E+00 3.73E+04 1.08E+00 3.9E+00 3.96E+00 1.29E+06 1.96E+00 9.3E+01 1.41E+02 2.05E+07 5.61E+01 
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Table 6.  Soil RBSLs Based on a Cancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact with 



Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Methoxychlor No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Toxaphene 2.6E+00 3.94E+00 5.37E+04 1.57E+00 5.6E+00 5.77E+00 1.85E+06 2.85E+00 1.4E+02 2.05E+02 2.95E+07 8.16E+01 
Trichlorophenol, 2,4,5- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Trichlorophenol, 2,4,6- 2.6E+02 3.94E+02 2.68E+03 1.48E+02 5.6E+02 5.77E+02 2.79E+04 2.82E+02 1.4E+04 2.05E+04 3.38E+06 8.14E+03 



Inorganics                         



Arsenic 1.9E+00 9.64E+00 3.99E+03 1.59E+00 4.1E+00 1.41E+01 1.38E+05 3.20E+00 9.9E+01 5.02E+02 2.20E+06 8.29E+01 
Barium No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Cadmium No CSF No CSF 9.54E+03 9.54E+03 No CSF No CSF 3.29E+05 3.29E+05 No CSF No CSF 5.25E+06 5.25E+06 
Chromium No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Lead No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Mercury No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Nickel No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Selenium No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Silver No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Thallium No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Total Cyanide No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
 Notes: NA- Not available. See Table 2 for definitions of other parameters. Inhalation RBSL includes particulates and volatiles. 
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Table 7.  Soil RBSLs Based on a Noncancer Endpoint  



  
Analyte 



EPA Default 2008/1998  2009 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total 
Soil 



(mg/kg) 
Soil Ingestion 



(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



VOCs                         



Benzene 4.1E+03 No ABS 5.16E+02 4.6E+02 3.5E+03 No ABS 2.15E+03 1.3E+03 2.6E+05 No ABS 7.82E+05 1.9E+05 
2-Butanone (MEK) 6.1E+05 No ABS 2.81E+05 1.93E+05 5.3E+05 No ABS 1.17E+06 3.66E+05 3.8E+07 No ABS 4.26E+08 3.52E+07 



Carbon Tetrachloride 7.2E+02 No ABS 1.36E+03 4.69E+02 6.2E+02 No ABS 5.67E+03 5.60E+02 4.5E+04 No ABS 2.06E+06 4.38E+04 
Chlorobenzene 2.0E+04 No ABS 1.58E+03 1.47E+03 1.8E+04 No ABS 6.58E+03 4.80E+03 1.3E+06 No ABS 2.39E+06 8.33E+05 
Chloroform 1.0E+04 No ABS 1.23E+03 1.10E+03 8.9E+03 No ABS 5.13E+03 3.25E+03 6.4E+05 No ABS 1.87E+06 4.76E+05 



1,2-Dichloroethane 2.0E+04 No ABS 5.29E+04 1.47E+04 1.8E+04 No ABS 2.20E+05 1.64E+04 1.3E+06 No ABS 8.01E+07 1.26E+06 
1,1-Dichloroethene 5.1E+04 No ABS 1.08E+03 1.06E+03 4.4E+04 No ABS 4.52E+03 4.10E+03 3.2E+06 No ABS 1.64E+06 1.08E+06 



Tetrachloroethene 1.0E+04 No ABS 3.09E+03 2.37E+03 8.9E+03 No ABS 1.29E+04 5.25E+03 6.388E+05 No ABS 4.68E+06 5.62E+05 
Trichloroethene No RfD No RfD No RFC NA No RfD No RfD No RFC NA No RfD No RfD No RFC NA 



Vinyl Chloride 3.1E+03 No ABS 4.47E+02 3.90E+02 2.7E+03 No ABS 1.86E+03 1.10E+03 1.9E+05 No ABS 6.77E+05 1.49E+05 



SVOCs                         



Dichlorobenzene, 1,4- No RfD No RfD 4.15E+04 4.15E+04 No RfD No RfD 1.73E+05 1.73E+05 No RfD No RfD 6.29E+07 6.29E+07 



Dinitrotoluene, 2,4- 2.0E+03 3.04E+03 No RFC 1.22E+03 1.8E+03 1.78E+03 No RFC 8.88E+02 1.3E+05 1.90E+05 No RFC 7.64E+04 
Hexachlorobutadiene 1.0E+03 1.55E+03 No RFC 6.16E+02 8.9E+02 9.06E+02 No RFC 4.48E+02 6.4E+04 9.68E+04 No RFC 3.85E+04 



Hexachloroethane 1.0E+03 1.55E+03 No RFC 6.16E+02 8.9E+02 9.06E+02 No RFC 4.48E+02 6.4E+04 9.68E+04 No RFC 3.85E+04 
Nitrobenzene 5.1E+02 No ABS 6.29E+02 2.82E+02 4.4E+02 No ABS 2.62E+03 3.79E+02 3.2E+04 No ABS 9.53E+05 3.09E+04 



Pentachlorophenol 3.1E+04 1.86E+04 No RFC 1.16E+04 2.7E+04 1.09E+04 No RFC 7.72E+03 1.9E+06 1.16E+06 No RFC 7.23E+05 
Pyridine 1.0E+03 No ABS No RFC 1.02E+03 8.9E+02 No ABS No RFC 8.87E+02 6.4E+04 No ABS No RFC 6.39E+04 
Cresol, m- 5.1E+04 7.74E+04 No RFC 3.08E+04 4.4E+04 4.53E+04 No RFC 2.24E+04 3.2E+06 4.84E+06 No RFC 1.92E+06 



Cresol, o- 5.1E+04 7.74E+04 No RFC 3.08E+04 4.4E+04 4.53E+04 No RFC 2.24E+04 3.2E+06 4.84E+06 No RFC 1.92E+06 



Cresol, p- 5.1E+03 7.74E+03 No RFC 3.08E+03 4.4E+03 4.53E+03 No RFC 2.24E+03 3.2E+05 4.84E+05 No RFC 1.92E+05 



Pesticides                         



2,4,5-TP (Silvex) 8.2E+03 1.24E+04 No RFC 4.93E+03 7.1E+03 7.25E+03 No RFC 3.59E+03 5.1E+05 7.74E+05 No RFC 3.08E+05 
2,4-D (Dichlorophenoxy 
Acetic Acid) 1.0E+04 3.10E+04 No RFC 7.68E+03 8.9E+03 1.81E+04 No RFC 5.96E+03 6.4E+05 1.94E+06 No RFC 4.80E+05 
Chlordane 5.1E+02 1.94E+03 4.29E+06 4.04E+02 4.4E+02 1.13E+03 5.91E+07 3.19E+02 3.2E+04 1.21E+05 2.83E+09 2.53E+04 



Endrin 3.1E+02 4.65E+02 No RFC 1.85E+02 2.7E+02 2.72E+02 No RFC 1.34E+02 1.9E+04 2.90E+04 No RFC 1.15E+04 
gamma-BHC (Lindane; 
Hexachlorocyclohexane) 3.1E+02 1.16E+03 No RFC 2.43E+02 2.7E+02 6.80E+02 No RFC 1.91E+02 1.9E+04 7.26E+04 No RFC 1.52E+04 
Heptachlor 5.1E+02 7.74E+02 No RFC 3.08E+02 4.4E+02 4.53E+02 No RFC 2.24E+02 3.2E+04 4.84E+04 No RFC 1.92E+04 



Heptachlor epoxide 1.3E+01 2.01E+01 No RFC 8.00E+00 1.2E+01 1.18E+01 No RFC 5.83E+00 8.3E+02 1.26E+03 No RFC 5.00E+02 
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Table 7.  Soil RBSLs Based on a Noncancer Endpoint  



  
Analyte 



EPA Default 2008/1998  2009 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Soil 
Ingestion 
(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total 
Soil 



(mg/kg) 
Soil Ingestion 



(mg/kg) 



Dermal 
Contact 



with Soils 
(mg/kg) 



Inhalation 
(mg/kg) 



Total Soil 
(mg/kg) 



Hexachlorobenzene 8.2E+02 1.24E+03 No RFC 4.93E+02 7.1E+02 7.25E+02 No RFC 3.59E+02 5.1E+04 7.74E+04 No RFC 3.08E+04 
Methoxychlor 5.1E+03 7.74E+03 No RFC 3.08E+03 4.4E+03 4.53E+03 No RFC 2.24E+03 3.2E+05 4.84E+05 No RFC 1.92E+05 



Toxaphene No RfD No RfD No RFC NA No RfD No RfD No RFC NA No RfD No RfD No RFC NA 
Trichlorophenol, 2,4,5- 1.0E+05 1.55E+05 No RFC 6.16E+04 8.9E+04 9.06E+04 No RFC 4.48E+04 6.4E+06 9.68E+06 No RFC 3.85E+06 



Trichlorophenol, 2,4,6- 1.0E+03 1.55E+03 No RFC 6.16E+02 8.9E+02 9.06E+02 No RFC 4.48E+02 6.4E+04 9.68E+04 No RFC 3.85E+04 



Inorganics                         



Arsenic 3.1E+02 1.55E+03 1.84E+05 2.56E+02 2.7E+02 9.06E+02 2.53E+06 2.06E+02 1.9E+04 9.68E+04 1.21E+08 1.60E+04 
Barium 2.0E+05 No ABS 3.07E+06 1.92E+05 1.8E+05 No ABS 4.22E+07 1.77E+05 1.3E+07 No ABS 2.02E+09 1.27E+07 



Cadmium 1.0E+03 3.87E+03 No RFC 8.09E+02 8.9E+02 2.27E+03 No RFC 6.37E+02 6.4E+04 2.42E+05 No RFC 5.05E+04 
Chromium 1.5E+06 No ABS No RFC 1.53E+06 1.3E+06 No ABS No RFC 1.33E+06 9.6E+07 No ABS No RFC 9.58E+07 
Lead No RfD No RfD No RFC NA No RfD No RfD No RFC NA No RfD No RfD No RFC NA 



Mercury 3.1E+02 No ABS No RFC 3.07E+02 2.7E+02 No ABS No RFC 2.66E+02 1.9E+04 No ABS No RFC 1.92E+04 
Nickel 2.0E+04 No ABS No RFC 2.04E+04 1.8E+04 No ABS No RFC 1.77E+04 1.3E+06 No ABS No RFC 1.28E+06 



Selenium 5.1E+03 No ABS No RFC 5.11E+03 4.4E+03 No ABS No RFC 4.44E+03 3.2E+05 No ABS No RFC 3.19E+05 
Silver 5.1E+03 No ABS No RFC 5.11E+03 4.4E+03 No ABS No RFC 4.44E+03 3.2E+05 No ABS No RFC 3.19E+05 
Thallium 6.6E+01 No ABS No RFC 6.64E+01 5.8E+01 No ABS No RFC 5.77E+01 4.2E+03 No ABS No RFC 4.15E+03 



Total Cyanide 2.0E+04 No ABS 1.84E+07 2.04E+04 1.8E+04 No ABS 2.53E+08 1.77E+04 1.3E+06 No ABS 1.21E+10 1.28E+06 



Notes: NA- Not available. See Table 2 for definitions of other parameters. Inhalation RBSL includes particulates and volatiles. 
Cadmium has a different RfD for the water ingestion versus water dermal and soil exposure pathways     
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Table 8.  Leachate RBSLs Based on a Cancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



VOCs                         



Benzene 1.78E-01 1.82E-01 1.43E-03 1.41E-03 6.77E+00 9.70E-02 1.49E-02 1.29E-02 1.64E+02 1.67E+01 1.79E+00 1.60E+00 
2-Butanone (MEK) No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Carbon Tetrachloride 7.55E-02 7.01E-02 7.42E-04 7.27E-04 2.87E+00 3.74E-02 7.73E-03 6.39E-03 6.95E+01 6.45E+00 9.27E-01 8.02E-01 
Chlorobenzene No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Chloroform 3.16E-01 7.03E-01 4.87E-04 4.86E-04 1.20E+01 3.75E-01 5.07E-03 5.00E-03 2.91E+02 6.47E+01 6.09E-01 6.02E-01 
1,2-Dichloroethane 1.08E-01 3.89E-01 4.37E-04 4.35E-04 4.09E+00 2.08E-01 4.56E-03 4.45E-03 9.93E+01 3.58E+01 5.47E-01 5.36E-01 
1,1-Dichloroethene No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Tetrachloroethene 1.82E-02 8.24E-03 1.89E-03 1.42E-03 6.90E-01 4.39E-03 1.97E-02 3.57E-03 1.67E+01 7.58E-01 2.36E+00 5.55E-01 
Trichloroethene 7.55E-01 9.83E-01 5.57E-03 5.50E-03 2.87E+01 5.24E-01 5.81E-02 5.22E-02 6.95E+02 9.05E+01 6.97E+00 6.41E+00 



Vinyl Chloride 1.36E-02 3.69E-02 2.53E-03 2.02E-03 5.18E-01 1.97E-02 2.63E-02 1.10E-02 1.25E+01 3.40E+00 3.16E+00 1.45E+00 



SVOCs                         



Dichlorobenzene, 1,4- 1.82E+00 6.56E-01 1.02E-03 1.02E-03 6.90E+01 3.50E-01 1.06E-02 1.03E-02 1.67E+03 6.04E+01 1.28E+00 1.25E+00 
Dinitrotoluene, 2,4- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Hexachlorobutadiene 1.26E-01 2.35E-02 5.07E-04 4.94E-04 4.78E+00 1.26E-02 5.28E-03 3.71E-03 1.16E+02 2.17E+00 6.33E-01 4.88E-01 



Hexachloroethane 7.01E-01 3.53E-01 2.80E-03 2.77E-03 2.66E+01 1.88E-01 2.92E-02 2.52E-02 6.45E+02 3.25E+01 3.50E+00 3.14E+00 
Nitrobenzene No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 



Pentachlorophenol 8.18E-02 3.15E-03 No IUR 3.03E-03 3.11E+00 1.68E-03 No IUR 1.68E-03 7.53E+01 2.90E-01 No IUR 2.89E-01 
Pyridine No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 



Cresol, m- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
Cresol, o- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Cresol, p- No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 



Pesticides                         



2,4,5-TP (Silvex) No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 
2,4-D (Dichlorophenoxy 
Acetic Acid) No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 
Chlordane 2.80E-02 1.12E-02 1.72E-04 1.69E-04 1.06E+00 6.00E-03 1.80E-03 1.38E-03 2.58E+01 1.04E+00 2.16E-01 1.77E-01 



Endrin No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
gamma-BHC (Lindane; 
Hexachlorocyclohexane) 8.92E-03 1.25E-02 2.24E-04 2.15E-04 3.39E-01 6.66E-03 2.34E-03 1.72E-03 8.21E+00 1.15E+00 2.80E-01 2.19E-01 



Heptachlor 2.18E-03 3.82E-03 9.34E-06 9.28E-06 8.28E-02 2.04E-03 9.73E-05 9.27E-05 2.01E+00 3.52E-01 1.17E-02 1.12E-02 
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Table 8.  Leachate RBSLs Based on a Cancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Heptachlor epoxide 1.08E-03 No Kp 9.76E-06 9.67E-06 4.09E-02 No Kp 1.02E-04 1.01E-04 9.93E-01 No Kp 1.22E-02 1.21E-02 



Hexachlorobenzene 6.13E-03 6.96E-04 2.45E-05 2.36E-05 2.33E-01 3.71E-04 2.56E-04 1.51E-04 5.65E+00 6.40E-02 3.07E-02 2.07E-02 
Methoxychlor No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 
Toxaphene 8.92E-03 1.14E-02 1.88E-04 1.81E-04 3.39E-01 6.06E-03 1.96E-03 1.47E-03 8.21E+00 1.05E+00 2.35E-01 1.88E-01 



Trichlorophenol, 2,4,5- No CSF No Kp No IUR NA No CSF No Kp No IUR NA No CSF No Kp No IUR NA 



Trichlorophenol, 2,4,6- 8.92E-01 3.86E-01 3.96E-02 3.45E-02 3.39E+01 2.06E-01 4.12E-01 1.37E-01 8.21E+02 3.55E+01 4.94E+01 2.02E+01 



Inorganics                         



Arsenic 6.54E-03 9.91E-02 NA 6.14E-03 2.48E-01 5.29E-02 NA 4.36E-02 6.02E+00 9.12E+00 NA 3.63E+00 



Barium No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 
Cadmium No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 



Chromium No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 
Lead No CSF No Kp NA NA No CSF No Kp NA NA No CSF No Kp NA NA 
Mercury No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 



Nickel No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 
Selenium No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 



Silver No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 
Thallium No CSF No CSF NA NA No CSF No CSF NA NA No CSF No CSF NA NA 



Total Cyanide No CSF No CSF No IUR NA No CSF No CSF No IUR NA No CSF No CSF No IUR NA 
 Notes: NA- Not available. See Table 2 for definitions of other parameters. 
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Table 9.  Leachate RBSLs Based on a Noncancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalatio
n of 



Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



VOCs                         



Benzene 1.40E+01 1.43E+01 1.20E-01 1.18E-01 2.13E+02 3.05E+00 4.99E-01 4.28E-01 1.55E+04 1.58E+03 1.80E+02 1.60E+02 



2-Butanone (MEK) 2.10E+03 3.31E+04 2.94E+01 2.89E+01 3.19E+04 7.06E+03 1.22E+02 1.20E+02 2.32E+06 3.65E+06 4.41E+04 4.27E+04 
Carbon Tetrachloride 2.45E+00 2.28E+00 7.55E-01 4.61E-01 3.73E+01 4.86E-01 3.15E+00 4.16E-01 2.71E+03 2.52E+02 1.13E+03 1.91E+02 



Chlorobenzene 7.01E+01 3.76E+01 2.00E-01 1.99E-01 1.06E+03 8.03E+00 8.34E-01 7.55E-01 7.74E+04 4.16E+03 3.00E+02 2.79E+02 
Chloroform 3.50E+01 7.78E+01 3.92E-01 3.86E-01 5.32E+02 1.66E+01 1.63E+00 1.48E+00 3.87E+04 8.59E+03 5.88E+02 5.43E+02 
1,2-Dichloroethane 7.01E+01 2.53E+02 9.75E+00 8.28E+00 1.06E+03 5.40E+01 4.06E+01 2.27E+01 7.74E+04 2.79E+04 1.46E+04 8.54E+03 



1,1-Dichloroethene 1.75E+02 2.28E+02 7.95E-01 7.89E-01 2.66E+03 4.86E+01 3.31E+00 3.10E+00 1.94E+05 2.52E+04 1.19E+03 1.13E+03 
Tetrachloroethene 3.50E+01 1.59E+01 1.07E+00 9.78E-01 5.32E+02 3.39E+00 4.47E+00 1.92E+00 3.87E+04 1.75E+03 1.61E+03 8.22E+02 



Trichloroethene No RfD No RfD No RfC NA No RfD No RfD No RfC NA No RfD No RfD No RfC NA 



Vinyl Chloride 1.05E+01 2.85E+01 3.97E-01 3.78E-01 1.60E+02 6.07E+00 1.66E+00 1.29E+00 1.16E+04 3.14E+03 5.96E+02 4.80E+02 



SVOCs                         



Dichlorobenzene, 1,4- No RfD No RfD 3.21E+00 3.21E+00 No RfD No RfD 1.34E+01 1.34E+01 No RfD No RfD 4.82E+03 4.82E+03 



Dinitrotoluene, 2,4- 7.01E+00 3.44E+01 No RfC 5.82E+00 1.06E+02 7.35E+00 No RfC 6.87E+00 7.74E+03 3.81E+03 No RfC 2.55E+03 
Hexachlorobutadiene 3.50E+00 6.56E-01 No RfC 5.53E-01 5.32E+01 1.40E-01 No RfC 1.40E-01 3.87E+03 7.25E+01 No RfC 7.11E+01 
Hexachloroethane 3.50E+00 1.76E+00 No RfC 1.17E+00 5.32E+01 3.76E-01 No RfC 3.74E-01 3.87E+03 1.95E+02 No RfC 1.86E+02 



Nitrobenzene 1.75E+00 No Kp 1.69E-02 1.67E-02 2.66E+01 No Kp 7.03E-02 7.01E-02 1.94E+03 No Kp 2.53E+01 2.50E+01 
Pentachlorophenol 1.05E+02 4.05E+00 No RfC 3.90E+00 1.60E+03 8.64E-01 No RfC 8.64E-01 1.16E+05 4.48E+02 No RfC 4.46E+02 



Pyridine 3.50E+00 No Kp No RfC 3.50E+00 5.32E+01 No Kp No RfC 5.32E+01 3.87E+03 No Kp No RfC 3.87E+03 
Cresol, m- 1.75E+02 3.41E+02 No RfC 1.16E+02 2.66E+03 7.28E+01 No RfC 7.09E+01 1.94E+05 3.77E+04 No RfC 3.16E+04 
Cresol, o- 1.75E+02 3.47E+02 No RfC 1.16E+02 2.66E+03 7.40E+01 No RfC 7.20E+01 1.94E+05 3.83E+04 No RfC 3.20E+04 



Cresol, p- 1.75E+01 3.47E+01 No RfC 1.16E+01 2.66E+02 7.40E+00 No RfC 7.20E+00 1.94E+04 3.83E+03 No RfC 3.20E+03 



Pesticides                         



2,4,5-TP (Silvex) 2.80E+01 No Kp No RfC 2.80E+01 4.26E+02 No Kp No RfC 4.26E+02 3.10E+04 No Kp No RfC 3.10E+04 
2,4-D 
(Dichlorophenoxy 
Acetic Acid) 3.50E+01 No Kp No RfC 3.50E+01 5.32E+02 No Kp No RfC 5.32E+02 3.87E+04 No Kp No RfC 3.87E+04 
Chlordane 1.75E+00 7.03E-01 4.31E-03 4.28E-03 2.66E+01 1.50E-01 1.80E-02 1.60E-02 1.94E+03 7.77E+01 6.47E+00 5.95E+00 



Endrin 1.05E+00 1.30E+00 No RfC 5.82E-01 1.60E+01 2.78E-01 No RfC 2.73E-01 1.16E+03 1.44E+02 No RfC 1.28E+02 
gamma-BHC 
(Lindane; 
Hexachlorocyclohexan 1.05E+00 1.47E+00 No RfC 6.13E-01 1.60E+01 3.14E-01 No RfC 3.08E-01 1.16E+03 1.63E+02 No RfC 1.43E+02 
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Table 9.  Leachate RBSLs Based on a Noncancer Endpoint 



  
Analyte 



EPA Default 2008/1998 2009 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalation of 
Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 



Incidental 
Ingestion  



(mg/L) 



Leachate 
Dermal 
Contact 
(mg/L) 



Inhalatio
n of 



Volatiles 
(mg/L) 



Total All 
Pathways 



(mg/L) 
e) 



Heptachlor 1.75E+00 3.07E+00 No RfC 1.12E+00 2.66E+01 6.55E-01 No RfC 6.39E-01 1.94E+03 3.39E+02 No RfC 2.89E+02 



Heptachlor epoxide 4.56E-02 No Kp No RfC 4.56E-02 6.92E-01 No Kp No RfC 6.92E-01 5.03E+01 No Kp No RfC 5.03E+01 
Hexachlorobenzene 2.80E+00 3.18E-01 No RfC 2.86E-01 4.26E+01 6.78E-02 No RfC 6.77E-02 3.10E+03 3.51E+01 No RfC 3.47E+01 
Methoxychlor 1.75E+01 No Kp No RfC 1.75E+01 2.66E+02 No Kp No RfC 2.66E+02 1.94E+04 No Kp No RfC 1.94E+04 



Toxaphene No RfD No RfD No RfC NA No RfD No RfD No RfC NA No RfD No RfD No RfC NA 
Trichlorophenol, 2,4,5- 3.50E+02 No Kp No RfC 3.50E+02 5.32E+03 No Kp No RfC 5.32E+03 3.87E+05 No Kp No RfC 3.87E+05 



Trichlorophenol, 2,4,6- 3.50E+00 1.52E+00 No RfC 1.06E+00 5.32E+01 3.24E-01 No RfC 3.22E-01 3.87E+03 1.68E+02 No RfC 1.61E+02 



Inorganics                         



Arsenic 1.05E+00 1.59E+01 NA 9.86E-01 1.60E+01 3.40E+00 NA 2.80E+00 1.16E+03 1.76E+03 NA 7.00E+02 
Barium 7.01E+02 1.06E+04 NA 6.57E+02 1.06E+04 2.27E+03 NA 1.87E+03 7.74E+05 1.17E+06 NA 4.66E+05 



Cadmium 1.75E+00 5.31E+01 No RfC 1.70E+00 2.66E+01 1.13E+01 No RfC 7.94E+00 1.94E+03 5.87E+03 No RfC 1.46E+03 
Chromium 5.26E+03 7.96E+04 No RfC 4.93E+03 7.98E+04 1.70E+04 No RfC 1.40E+04 5.81E+06 8.80E+06 No RfC 3.50E+06 
Lead No RfD No Kp No RfC NA No RfD No Kp No RfC NA No RfD No Kp No RfC NA 



Mercury 1.05E+00 1.59E+01 No RfC 9.86E-01 1.60E+01 3.40E+00 No RfC 2.80E+00 1.16E+03 1.76E+03 No RfC 7.00E+02 
Nickel 7.01E+01 5.31E+03 No RfC 6.92E+01 1.06E+03 1.13E+03 No RfC 5.49E+02 7.74E+04 5.87E+05 No RfC 6.84E+04 



Selenium 1.75E+01 2.65E+02 No RfC 1.64E+01 2.66E+02 5.66E+01 No RfC 4.67E+01 1.94E+04 2.93E+04 No RfC 1.17E+04 
Silver 1.75E+01 4.42E+02 No RfC 1.69E+01 2.66E+02 9.44E+01 No RfC 6.97E+01 1.94E+04 4.89E+04 No RfC 1.39E+04 
Thallium 2.28E-01 3.45E+00 No RfC 2.14E-01 3.46E+00 7.36E-01 No RfC 6.07E-01 2.52E+02 3.81E+02 No RfC 1.52E+02 



Total Cyanide 7.01E+01 1.06E+03 1.43E-02 1.43E-02 1.06E+03 2.27E+02 5.98E-02 5.98E-02 7.74E+04 1.17E+05 2.15E+01 2.15E+01 



Notes: NA- Not available. See Table 2 for definitions of other parameters. 
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Table 10.  RBSLs for All Potentially Complete Soil and Leachate Pathways Combined 



Analyte 



Cancer-Based RBSLs (mg/L) Noncancer-Based RBSLs (mg/L) 



EPA Default  2008/1998 2009 EPA Default  2008/1998 2009 



VOCs             



Benzene 1.41E-03 1.29E-02 1.60E+00 1.18E-01 4.28E-01 1.60E+02 
2-Butanone (MEK) NA NA NA 2.89E+01 1.20E+02 4.27E+04 
Carbon Tetrachloride 7.27E-04 6.39E-03 8.02E-01 4.61E-01 4.16E-01 1.91E+02 
Chlorobenzene NA NA NA 1.99E-01 7.55E-01 2.79E+02 
Chloroform 4.86E-04 5.00E-03 6.02E-01 3.86E-01 1.48E+00 5.43E+02 
1,2-Dichloroethane 4.35E-04 4.45E-03 5.36E-01 8.28E+00 2.27E+01 8.54E+03 
1,1-Dichloroethene NA NA NA 7.89E-01 3.10E+00 1.13E+03 
Tetrachloroethene 1.42E-03 3.57E-03 5.55E-01 9.78E-01 1.92E+00 8.22E+02 
Trichloroethene 5.50E-03 5.22E-02 6.41E+00 NA NA NA 



Vinyl Chloride 2.02E-03 1.10E-02 1.45E+00 3.78E-01 1.29E+00 4.80E+02 



SVOCs             



Dichlorobenzene, 1,4- 1.02E-03 1.03E-02 1.25E+00 3.21E+00 1.34E+01 4.82E+03 
Dinitrotoluene, 2,4- NA NA NA 5.82E+00 6.87E+00 2.55E+03 
Hexachlorobutadiene 4.94E-04 3.71E-03 4.88E-01 5.53E-01 1.40E-01 7.11E+01 
Hexachloroethane 2.77E-03 2.52E-02 3.14E+00 1.17E+00 3.74E-01 1.86E+02 
Nitrobenzene NA NA NA 1.67E-02 7.01E-02 2.50E+01 
Pentachlorophenol 3.03E-03 1.68E-03 2.89E-01 3.90E+00 8.64E-01 4.46E+02 
Pyridine NA NA NA 3.50E+00 5.32E+01 3.87E+03 
Cresol, m- NA NA NA 1.16E+02 7.09E+01 3.16E+04 
Cresol, o- NA NA NA 1.16E+02 7.20E+01 3.20E+04 



Cresol, p- NA NA NA 1.16E+01 7.20E+00 3.20E+03 



Pesticides             



2,4,5-TP (Silvex) NA NA NA 2.80E+01 4.26E+02 3.10E+04 
2,4-D (Dichlorophenoxy Acetic 
Acid) NA NA NA 3.50E+01 5.32E+02 3.87E+04 
Chlordane 1.69E-04 1.38E-03 1.77E-01 4.28E-03 1.60E-02 5.95E+00 
Endrin NA NA NA 5.82E-01 2.73E-01 1.28E+02 
gamma-BHC (Lindane; 
Hexachlorocyclohexane) 2.15E-04 1.72E-03 2.19E-01 6.13E-01 3.08E-01 1.43E+02 
Heptachlor 9.28E-06 9.27E-05 1.12E-02 1.12E+00 6.39E-01 2.89E+02 
Heptachlor epoxide 9.67E-06 1.01E-04 1.21E-02 4.56E-02 6.92E-01 5.03E+01 
Hexachlorobenzene 2.36E-05 1.51E-04 2.07E-02 2.86E-01 6.77E-02 3.47E+01 
Methoxychlor NA NA NA 1.75E+01 2.66E+02 1.94E+04 
Toxaphene 1.81E-04 1.47E-03 1.88E-01 NA NA NA 
Trichlorophenol, 2,4,5- NA NA NA 3.50E+02 5.32E+03 3.87E+05 



Trichlorophenol, 2,4,6- 3.45E-02 1.37E-01 2.02E+01 1.06E+00 3.22E-01 1.61E+02 



Inorganics             



Arsenic 6.14E-03 4.36E-02 3.63E+00 9.86E-01 2.80E+00 7.00E+02 
Barium NA NA NA 6.57E+02 1.87E+03 4.66E+05 
Cadmium 1.04E+14 3.60E+15 5.74E+16 1.70E+00 7.94E+00 1.46E+03 
Chromium NA NA NA 4.93E+03 1.40E+04 3.50E+06 
Lead NA NA NA 1.50E-02 1.50E-02 1.50E-02 
Mercury NA NA NA 9.86E-01 2.80E+00 7.00E+02 
Nickel NA NA NA 6.92E+01 5.49E+02 6.84E+04 
Selenium NA NA NA 1.64E+01 4.67E+01 1.17E+04 
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Table 10.  RBSLs for All Potentially Complete Soil and Leachate Pathways Combined 



Analyte 



Cancer-Based RBSLs (mg/L) Noncancer-Based RBSLs (mg/L) 



EPA Default  2008/1998 2009 EPA Default  2008/1998 2009 



Silver NA NA NA 1.69E+01 6.97E+01 1.39E+04 
Thallium NA NA NA 2.14E-01 6.07E-01 1.52E+02 



Total Cyanide NA NA NA 1.43E-02 5.98E-02 2.15E+01 
Note:the cadmium cancer RBSL appears extraneous as it reduces to only the exposure due to particulates due to lack of CSFo for oral and dermal 
evaluation. 



 











Terra Technologies Environmental Services LLC 33 



 
Table 11. Comparison of RBSLs to Existing Data 



Analyte 



Minimum RBSL (cancer or noncancer)1 



EPA Default  2008/1998 2009 
Primary Sump 



Site Data 2 
Detection 



Status3 



VOCs          



Benzene 0.001 0.013 1.60 0.010 ND 



2-Butanone (MEK) 28.94 119.86 42736 0.050 ND 
Carbon Tetrachloride 0.001 0.006 0.802 0.010 ND 



Chlorobenzene 0.199 0.755 279 0.010 ND 
Chloroform 0.0005 0.005 0.602 0.010 ND 
1,2-Dichloroethane 0.0004 0.004 0.536 0.010 ND 



1,1-Dichloroethene 0.79 3.097 1131 0.010 ND 
Tetrachloroethene 0.001 0.004 0.555 0.051 D 



Trichloroethene 0.006 0.052 6.41 0.012 D 



Vinyl Chloride 0.002 0.011 1.45 0.020 ND 



SVOCs          



Dichlorobenzene, 1,4- 0.001 0.01 1.25 0.100 ND 
Dinitrotoluene, 2,4- 5.82 6.87 2551 0.100 ND 



Hexachlorobutadiene 0.0005 0.004 0.49 0.100 ND 
Hexachloroethane 0.003 0.025 3.14 0.100 ND 



Nitrobenzene 0.017 0.070 24.99 0.100 ND 
Pentachlorophenol 0.003 0.002 0.29 0.500 ND 



Pyridine 3.50 53.23 3871 0.100 ND 
Cresol, m- 115.79 70.90 31570 0.100 ND 
Cresol, o- 116.39 71.96 31976 0.100 ND 



Cresol, p- 11.64 7.20 3197 0.100 ND 



Pesticides          



2,4,5-TP (Silvex) 28.03 425.83 30969 0.010 ND 
2,4-D (Dichlorophenoxy Acetic Acid) 35.04 532.29 38712 0.040 ND 



Chlordane 0.0002 0.001 0.18 0.005 ND 
Endrin 0.58 0.27 128 0.001 ND 
gamma-BHC (Lindane; Hexachlorocyclohexane) 0.0002 0.002 0.22 0.001 ND 



Heptachlor 0.00001 0.0001 0.01 0.001 ND 
Heptachlor epoxide 0.00001 0.0001 0.01 0.001 ND 



Hexachlorobenzene 0.00002 0.00015 0.02 0.100 ND 
Methoxychlor 17.52 266.15 19356 0.001 ND 



Toxaphene 0.00018 0.001 0.19 0.020 ND 
Trichlorophenol, 2,4,5- 350.40 5322.92 387121 0.100 ND 



Trichlorophenol, 2,4,6- 0.034 0.14 20 0.100 ND 



Inorganics          



Arsenic 0.006 0.044 3.63 0.050 ND 



Barium 657.41 1867.690 466411 0.500 ND 
Cadmium 1.70 7.94 1455 0.022 D 



Chromium 4930.58 14007.68 3498083 0.010 ND 
Lead 18.00 18.00 18 0.030 ND 
Mercury 0.99 2.80 700 0.002 ND 
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Table 11. Comparison of RBSLs to Existing Data 



Analyte 



Minimum RBSL (cancer or noncancer)1 



EPA Default  2008/1998 2009 
Primary Sump 



Site Data 2 
Detection 



Status3 



Nickel 69.17 548.75 68396 0.310 D 



Selenium 16.44 46.69 11660 0.050 ND 
Silver 16.85 69.67 13865 0.100 ND 



Thallium 0.21 0.61 152 0.100 ND 



Total Cyanide 0.01 0.06 22 0.024 D 
Notes:   
1 – Lowest of cancer or noncancer values 
2- The maximum detected value for the Primary Sump from July 29, 2008 or the reporting limit. 
3 - D – detected; ND – not detected 
Bold italics indicate the detected value or the reporting limit exceed the lowest predicted RBSL. 
Shaded cells indicate detected value or the reporting limit exceeds the site-specific RBSL. 
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Figure 1.  Conceptual Site Model for Development of Risk Based Screening Levels (RBSLs) 
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Figure 2. Comparison of Receptor Specific EPA Default, 1998 Original and Revised Exposure Parameters  



  
Note: Values shown on a log scale due to extreme range of parameter values 
See Table 2 for definitions and units 
Only fixed parameters that change across categories are shown; those that vary by chemical are not presented. Those that are constant for 
all three categories are not shown. 
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Figure 3.  Comparison of 1998 to Current Toxicity Values 
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BACKGROUND 



This technical memorandum summarizes calculations of travel time and dilution factors that will be used to 
support alternate Action Limits for incorporation into the renewal permit for leachate parameters that are 



monitored in the secondary sump of the Denver - Arapahoe Chemical Water Processing Facility (DACWPF) 



reconstructed cell.  The purpose of this analysis is to derive a basis for establishing technically defensible 
alternate Action Limits that are protective of human health and the environment considering the engineered 



liner system of the reconstructed cell and hydrogeology of the site.   



This analysis provides an evaluation of the migration potential for leachate parameters to move to the first 



continuous groundwater zone beneath DACWPF (Lower Sandstone), the capacity of the Lower Sandstone to 



significantly dilute leachate parameters if they were able to reach this unit, and the migration potential for 
leachate parameters to move within the Lower Sandstone to a potential offsite receptor.  The analysis is highly 



conservative because it assumes worst-case conditions.  For example, the analysis presumes the 
geosynthetic liner is removed (i.e., assumed to not exist) to maximize downward parameter migration, and 



there is no implementation of corrective measures. 



TECHNICAL APPROACH 



A highly conservative approach (using worst-case assumptions as described below) was assumed.  The 
technical analysis considered: migration of leachate parameters from the base of the secondary leachate 
collection sump through the compacted clay portion of the secondary liner system, continued downward 



migration through the claystone that is the primary material above the Lower Sandstone, and then migration 
through groundwater within Lower Sandstone downgradient to the closest designated RCRA detection 



monitoring well. 



Worst-case assumptions summary: 



1. Complete failure of the geosynthetic liner (that is, its existence is ignored)
2. Three feet (one foot of leachate and 2 ft of gravel sump) of leachate head on the clay portion of the



secondary sump liner system at all times



3. No lateral spreading of leachate parameters below the bottom of secondary sump (i.e., to maximize
time of travel through the underlying claystone and to minimize dilution since mixing and dispersion
during migration promotes dilution)
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4. No lateral spreading in the Lower Sandstone (i.e., to minimize dilution and mixing over a larger foot



print)
5. No reaction of leachate parameters with soil or soil-pore water during migration (i.e., some leachate



parameters will sorb, partition, or be captured in dead-end pores).



Calculation of Dilution Factor 



A steady state (long-term) dilution factor was calculated from the ratio of vertical seepage (i.e., volume of flow 



over time) through the clay portion of the secondary sump liner system and the underlying claystone versus 



the volume of groundwater flow over time through the Lower Sandstone.  



 Vertical seepage was calculated as the flux through the clay portion of the secondary sump liner
system and the underlying unsaturated claystone multiplied by the secondary sump bottom area,
where:



Flux =  



Area = 



3.09 x 10-6 ft/day (see following section for calculation) 



8 ft by 8 ft (from design drawings) 



Flow volume over time through the clay portion of secondary sump clay liner and the underlying unsaturated 
claystone = flux * area = 1.98 x 10-4 ft3/day. 



 Flow volume over time through the Lower Sandstone was calculated as the flux through the saturated
zone multiplied by the cross-sectional area of the Lower Sandstone underlying the bottom of the
secondary sump, where:



Flux = 1.12 x 10-4 ft/day (hydraulic conductivity (K) multiplied by hydraulic gradient (i) of 
Lower Sandstone, where: 



K = 2.85 cm/day (Golder 1989) and  



i = 0.0012 (Golder 1989) 



Area = 8 ft (width of secondary sump) multiplied by 40 ft (saturated thickness of Lower 
Sandstone) 



Flow volume over time through Lower Sandstone = flux * area = 3.59 x 10-2 ft3/day. 



Dilution factor = 3.59 x 10-2 ft3/day /1.98 x 10-4 ft3/day = 181 (flow volume over time through Lower 
Sandstone divided by flow volume over time through clay portion of the secondary sump liner system and the 
underlying unsaturated claystone into the Lower Sandstone).  



That is, parameters observed in secondary leachate collection sump would be diluted approximately 181 
times before being monitored at the closest downgradient monitoring well in the Lower Sandstone. 



Calculation of Flow through the Clay Portion of Secondary Sump Liner System and 
the Underlying Claystone 



A simplified unsaturated flow model (details in Attachment A) was used to assess the flow rate through the 
clay portion of the secondary sump liner system and the underlying claystone. This model is derived from 



work presented in Bouma (1975) and Radcliffe and West (2009a) and uses the assumption that equivalent 
porous medium assumptions are applicable (i.e. no fractures or other preferential flow paths are present). The 



following parameters were used in the spreadsheet model: 



Saturated hydraulic conductivity of liner =  1 x 10-7 cm/sec (maximum regulatory required hydraulic 
conductivity for compacted clay liner). Note that the unsaturated flow model calculates the unsaturated 



hydraulic conductivity based on the soil-water moisture characteristic curves, soil suction pressure, and 



saturated hydraulic conductivity. 
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Head on clay portion of secondary liner =             3 ft (one ft of leachate and 2 ft of gravel sump) 



Saturated hydraulic conductivity of claystone =  1 x 10-9 cm/sec (Golder 1989) 



Thickness of unsaturated claystone =   1,263 cm (base elevation of secondary leachate sump, 
5745.6 ft, design drawings, minus groundwater elevation in closest downgradient monitoring P-113, 5704.2 ft, 



Golder 2018), that is 1,263 cm (41.4 feet) 



Compacted clay liner retention properties were assumed to be similar to clay (Carsel and Parrish 1988) 



Claystone retention properties were assumed to be similar to silty clay (Carsel and Parrish 1988), except that 



the porosity was updated to match that presented in Golder, 1986. 



The calculated flux (flow per unit area) through the clay liner and the underlying unsaturated claystone is 3.09  



x 10-6 ft/day (1.1 x 10-3 ft/yr). 



Calculation of Travel Times 



Travel times were calculated for seepage through the clay portion of the liner system, the underlying 



claystone, and groundwater within the Lower Sandstone.  



For the clay portion of the secondary liner and claystone): 



Flux =    3.09 x 10-6 ft/day (see Section 1.2)  



Effective porosity =  0.1 (conservatively assumed to be equal to the saturated effective porosity, Golder 
1968) 



Transport velocity =  flux divided by effective porosity = 3.09 x 10-5 ft/day 



Travel time =   3,670 years (distance divided by transport velocity, where distance is 41 ft (base 
elevation of secondary leachate sump, 5745.6 ft, design drawings, minus groundwater elevation in closest 



downgradient monitoring P-113, 5704.2 ft, Golder 2018) 



For the saturated zone (Lower Sandstone): 
Flux =    0.0001 ft/day (hydraulic conductivity (K) multiplied by hydraulic gradient (i), where: 



K = 0.09 ft/day (Golder 1989)  



i = 0.0012 (Golder 1989) 



Effective porosity =  0.25 (Golder 1989) 



Transport velocity =  flux divided by effective porosity = 0.0004 ft/day 



Travel time =   760 years (distance divided by transport velocity, where distance is 125 ft horizontal 



distance from the secondary sump to the closest designated RCRA detection monitoring well. 



In combination, the travel time from the secondary leachate sump to the nearest downgradient monitoring well 



is estimated to be 4,430 years. 











Tom Schweitzer, Waste Management Reference No.  18111727



 January 10, 2020
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Brief Description of Unsaturated Spreadsheet Model Used in Calculations 
 
Flow through clay liners and unsaturated soil, with a specified leachate head on the top of the liner is 
essentially the same as the consideration of flux through the base of a wastewater trench; they both consider 
unsaturated zone flow for a situation involving a specified overlying fluid depth (equivalent to leachate depth 
for the current analysis), a biomat restrictive flow layer (equivalent to clay liner(s) for the current analysis), and 
underlying unsaturated soil or rock. A wastewater trench flux calculator (spreadsheet model) was used in the 
unsaturated zone seepage calculation described in the main text. 
 
The following text describing the equations and assumptions embedded in the spreadsheet model is taken 
from Radcliffe and West (2009a): 
 
“Bouma (1975) developed a simple equation for estimating steady downward flow through the bottom of an 
onsite wastewater system (OWS) trench: 



  
where Kbs is the saturated hydraulic conductivity of the biomat, h0 is the height of water ponded in the trench 
[L], hs is the pressure head in the soil just beneath the biomat [L], Zb is the thickness of the biomat [L], and 
K(hs) is the unsaturated hydraulic conductivity of the soil at a pressure head of hs. 
 
Under the conditions present in OWS trenches, the flux through the biomat is equal to the flux through the 
underlying soil. The term on the left-hand side of the above equation represents flux through the biomat and 
the term on the right-hand side represents flux through the underlying soil. Bouma (1975) used a unit 
hydraulic gradient below the trench bottom by assuming that the pressure head would be constant with depth 
for at least a short interval beneath the biomat (dh/dz = 0), and hence flux would be equal to the unsaturated 
hydraulic conductivity of the soil at the soil water pressure head just beneath the biomat (hs) as shown in the 
equation above. To solve the equation under these conditions, an iterative approach or a root solver must be 
used to find the value of hs that will make the fluxes (when multiplied by applicable area) on both sides of the 
equation equal.” 
 
This approach is coded into a spreadsheet, known as the Bouma Calculator, available at this link, 



documented here, and described in Radcliffe and West (2009b). 



Radcliffe and West (2009a) used both HYDRUS (2D) and the Bouma Calculator to calculate fluxes through 
the base of trenches for a variety of soil conditions and types and compared resulting seepage rates. They 
concluded that: “The Bouma (1975) equation, modified to account for unsaturated conditions in the biomat, 
accurately predicted trench bottom fluxes in all cases except the shallow water table simulations with the silt 
and silt loam textural classes.” 
 



Bouma, J. 1975. Unsaturated flow during soil treatment of septic tank effluent. J. Environ. Eng. Div. Am. Soc. 



Civ. Eng. 101: 967-983. 



Radcliffe, D.E., and L.T. West. 2009a. Design hydraulic loading rates for on-site wastewater systems. Vadose 



Zone Journal v8: 64-74. 



Radcliffe, D.E., and L.T. West. 2009b. Spreadsheet for converting saturated hydraulic conductivity to long 



term acceptance rate for on-site wastewater systems. Soil Survey Horizons v50: 20-24. 
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1. INTRODUCTION 
The objective of this human health risk assessment (HHRA) is to address per- and polyfluoroalkyl substances 
(PFAS) in leachate from the Denver Arapaho Chemical Waste Processing Facility (DACWPF) that is used for 
dust suppression at an adjacent landfill.  The two PFAS compounds that will be analyzed at the site are 
perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA).   
 
The leachate used in dust suppression is applied to temporary cover only within an inactive area of the landfill. 
Ultimately, additional layers of trash and cover are added which covers the soils to which leachate was applied. 
Only landfill workers that are actively engaged in applying the leachate potentially contact the leachate or the 
soils to which leachate is applied.  Risk-based screening levels (RBSLs) are calculated herein for these two 
chemicals.  
 
PFAS are persistent in water and soil because they are chemically stable and have low volatility in ionic form 
(ATSDR, 2018), however they readily leach from soil to groundwater.  They are persistent in the environment 
and do not hydrolyze, photolyze, or biodegrade under typical environmental conditions (ATSDR 2018). 
Toxicological studies on animals indicate potential developmental, reproductive, and systemic effects in response 
to PFAS exposure (USEPA 2016 a,b,c,d).  Although USEPA has health advisories for PFOA and PFOS, there is 
no information in the Integrated Risk Information System (IRIS) (https://www.epa.gov/iris ) for PFOS or PFOA.   
 
The screening levels for PFOA and PFOS are based on the toxicity information provided in the Health Advisory 
Levels (USEPA 2016a; USEPA 2016b).  Exposure scenarios that are applicable to this site are used to derive 
screening levels.  
 



2. METHODS  
RBSLs are soil and leachate concentrations that correspond to a preset target cancer risk or noncancer risk level 
for a given exposure scenario.  The RBSLs are designed to be compared directly to analytical data.  Figure 1 
shows a conceptual model for the leachate application. 
 
Exposure pathways that were determined to be potentially complete in the absence of personal protective 
equipment (PPE) are shown in Table 1.  This includes incidental ingestion, dermal contact, and inhalation of 
dusts.  The soil contact equations presume that leachate is sprayed onto the soils, and that landfill workers then 
contact the soils.  It is conservative in that there are no attenuation factors, and the equation assumes that any 
PFAS in the leachate transfers directly to the soil.  In addition, direct ingestion and contact with leachate are 
considered.  As discussed in Section 2.3, the PFAS are not volatile and therefore vapor inhalation pathways are 
not evaluated.  
 
The risk assessment methodology used to develop the RBSLs is consistent with United States Environmental 
Protection Agency (USEPA) Risk Assessment Guidance (USEPA 1989), as defined but not limited to, the 
following USEPA risk assessment guidance: 
 



• USEPA Risk Assessment Guidance for Superfund (RAGs) Volume I, Human Health Evaluation Manual 
(Part A), Interim Final, USEPA/540/1-89/002, December 1989 (USEPA 1989), 



• USEPA RAGS Volume I, Human Health Evaluation Manual Part E, Supplemental Guidance for Dermal Risk 
Assessment, Final, USEPA/540/R/99/005, July 2004 (USEPA 2004),  



• USEPA RAGS Volume I, Human Health Evaluation Manual Part F, Supplemental Guidance for Inhalation 
Risk Assessment, Final, USEPA-540-R-070-002, January 2009 (USEPA 2009), and 
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• USEPA. Mid-Atlantic Region. Regional Screening Tables. November 2019 (USEPA 2019). 



 
The equations used to derive these RBSLs for soil were obtained from USEPA (2019) and are based on those 
used to derive the “Regional Screening Levels” or RSLs.  They represent current practice by multiple USEPA 
regions.  Forward risk equations utilize media concentrations, and predict risk based on exposure to a given media 
concentration.  The RSLs, like the RBSL equations, are “backward” in that risk is fixed at a target level, and the 
corresponding concentration in the exposure medium (soil or leachate) is then solved for.  This results in a media 
concentration associated with a preset or “target” level of risk.  In order to evaluate the potential contribution of 
each pathway, the equations are solved for each exposure pathway separately prior to combining them for an 
overall RBSL.   
 



2.1. SOIL EXPOSURE PATHWAYS 
The approach for estimating the 2019 soil RBSLs for PFOS and PFOA is the same method as used in the 2009 
Risk Assessment for Leachate (Terra Technologies Environmental Services 2009).  It involves solving individual 
equations to obtain pathway-specific screening levels (SLs) in terms of milligram contaminant per kilogram soil 
(mg/kg) for the ingestion (ing), dermal (derm), and inhalation (inh) exposure pathways (Table 1).  The inverse of  
each of the individual pathways is then summed to obtain a single soil concentration representative of all 
pathways.  Evaluating individual exposure pathways allows identification of the most important exposure 
pathways and aids transparency.  There are receptor-specific (Table 2) and chemical-specific (Tables 3 and 4) 
parameters that are used to populate these equations.   



2.2. RECEPTOR-SPECIFIC EXPOSURE PARAMETERS 
Receptor-specific parameters vary by receptor and include body weight, intakes, and activity estimates (Table 2).  
Body weight and skin surface area considered as typical for workers have increased slightly since the 2009 risk 
assessment.  The new values will be used to be consistent with USEPA (2019).  There is now a correction factor 
for the fraction of the work day for which exposure occurs (exposure time (ET)) of 8 hours /day * 1 day/24 hours. 
The adherence factor that predicts soil sticking to skin has decreased slightly to 0.12 mg/cm2, but the 2009 value 
of 0.2 mg/cm2 is used for PFAS to be consistent with the 2009 risk assessment, and also because spraying 
leachate might dampen skin causing a higher rate of adherence.  This is more conservative than the default used 
by USEPA (2019).  



2.3. CHEMICAL-SPECIFIC PARAMETERS  
Many of the parameters and equations in the soil ingestion component of the 2019 PFAS analysis are the same as 
those in the 2009 memorandum (Terra 2009).  In addition, many equations and parameters are the same as those 
used in the earlier reports (Terra 2008; Terra 1998).  However, the dermal contact pathway of the 2019/2009 
RBSL equation contains a chemical-specific parameter that accounts for the fraction of gastrointestinal absorption 
(GIABS) (Table 3), PFAS were not addressed previously, and the default value for body weight has increased 
from 70 kg to 80 kg.   
 
In addition, the toxicity values CSFi or RfCi are not used in the 2019/2009 calculations but are replaced with the 
inhalation unit risk (IUR) or reference concentration (RfC) that are applied to the inhalation component of the 
overall 2019/2009 RBSL.  These changes result in removal of body weight (BW) from the numerator of the 
inhalation equations, which also is different from the 2008/1998 version of the equations.  In addition, the 
parameter for inhalation rate was removed from the 2019/2009 RBSL denominator as the equations are now 
based on air concentration, and not dose.  
 
The chemical-specific parameters include the toxicity values (Table 3) and parameters that influence fate and 
transport (Table 4).  The toxicity parameters are reported in Table 3, and described in more detail in Section 2.3.   
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The inhalation component of the 2019/2009 RBSL now contains a parameter to estimate volatilization from soils 
(VFs), but this is not applicable to PFAS since they are not volatile, as explained below.   
The amount of chemical entering air in a vapor state due to volatilization from soil is estimated with the 
volatilization factor for soil (VFs).  VF is only calculated for volatile compounds, which are defined by USEPA 
(2019) as:  
 



o chemicals with a Henry's Law constant (HLC) greater than 1 x 10-5 atm-m3/mole or  
o a vapor pressure greater than 1 mm Hg.   



 
The vapor pressure of PFOA and PFOS is 0.525 and 0.002 mm Hg at 25oC, respectively (USEPA 2017). This 
source states that HLC for the PFAS is not measurable; however USEPA (2019) provides a HLC of 4x10-6 
atm/m3-mol, and ATSDR (2018) provides one of 0.362 Pa/m3-mol, which converts to 3.57x10-6 atm/m3-mol for 
standard units.  The VF is considered to be negligible for these PFAS, which are not expected to volatilize and 
therefore an RBSL for volatilization is not calculated by USEPA (2019) or in this report.  



2.4. SITE-SPECIFIC EXPOSURE PARAMETERS 
These are parameters that are consistent across all chemicals and are specific to the site and its conditions.  The 
only site-specific parameter is the particulate emission factor (PEF), which is amount of soil that enters the air as 
fugitive dust resulting in exposure due to soil inhalation.  This parameter also can vary by receptor depending on 
activity level, and is reported in Table 2.  The PEF was obtained from EPA (2019) based on soil and climatic 
conditions for Denver, CO.  



2.5. SOIL EXPOSURE PATHWAY EQUATIONS 
To estimate cancer and noncancer risk for soil exposure, the following equations for a landfill worker are used 
which are consistent with equations for an outdoor worker from EPA (2019): 
 



Equation 1. Landfill Worker, Cancer Risk, Soil Ingestion 
 



mgkgIRSCSFoEDEF
ATcBWaTRSLing



/10 6−××××
××



=
 



 
Equation 2. Landfill Worker, Cancer Risk, Soil Dermal Contact 



 



mgkgABSAFSA
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Equation 3.  Landfill Worker, Cancer Risk, Soil Inhalation 
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Equation 4 . Landfill Worker, Noncancer Risk, Soil Ingestion 
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Equation 5. Landfill Worker, Noncancer Risk, Soil Dermal Contact 
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Equation 6. Landfill Worker, Noncancer Risk, Soil Inhalation 
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The total cancer or noncancer soil screening level or soil RBSL for all soil-based pathways combined is calculated 
from the results of Equations 1, 2, and 3 for cancer; and 4, 5, and 6 for noncancer.  For soil, the total RBSL is as 
follows: 
 



Equation 7 – Total Soil RBSL as Expressed by Summation of Exposure Pathways 
 



SLinhSLdermSLing



kgmgRBSLsoil 111
1)/(



++
=



 
 



2.6. LEACHATE EXPOSURE PATHWAY EQUATIONS 
There are three potentially complete exposure pathways associated with leachate exposure by workers. These are 
direct ingestion, dermal contact, and inhalation of volatiles emanating from the spray as it is applied.  The PFAS 
are not volatile, and thus there is no potential exposure from volatilization.  The absence of an RfC or IUR also 
precludes quantification of the inhalation pathway from volatilization even if an air concentration were estimated. 
 
The equation used for ingestion of leachate resembles that for tap water; however, the incidental ingestion rate of 
leachate is lower than drinking water ingestion or incidental ingestion during swimming.  It was assumed that at 
most workers would ingest 5 ml (1 teaspoon) of leachate per hour for a 20 minute duration of leachate 
application.  Thus, the exposure equations are: 
 



Equation 8 –  Cancer Risk, Leachate Ingestion 
 



𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (
𝑢𝑢𝑆𝑆
𝑆𝑆



) =
𝑇𝑇𝑇𝑇 × 𝐵𝐵𝐵𝐵𝐵𝐵 × 𝐴𝐴𝑇𝑇𝐴𝐴 × 1000 𝑢𝑢𝑆𝑆/𝑚𝑚𝑆𝑆



𝐸𝐸𝐸𝐸 × 𝐸𝐸𝐸𝐸 × 𝐶𝐶𝑆𝑆𝐸𝐸𝑜𝑜 × 𝐶𝐶𝑇𝑇𝑑𝑑
 



 
 
 



Equation 9 –  Noncancer Risk, Leachate Ingestion 
 



𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (
𝑢𝑢𝑆𝑆
𝑆𝑆



) =
𝑇𝑇𝑇𝑇𝑇𝑇 × 𝐵𝐵𝐵𝐵𝐵𝐵 × 𝐴𝐴𝑇𝑇𝑆𝑆𝐴𝐴 × 1000 𝑢𝑢𝑆𝑆/𝑚𝑚𝑆𝑆



𝐸𝐸𝐸𝐸 × 𝐸𝐸𝐸𝐸 × 1
𝑇𝑇𝑅𝑅𝐸𝐸𝑜𝑜



× 𝐶𝐶𝑇𝑇𝑑𝑑
 



 
 
The parameters are defined in Tables 2, 3, and 4.  
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The current approach used in this analysis for addressing dermal uptake is consistent with RAGS E (EPA, 2004).  
The approach for evaluating dermal uptake from liquids differs from solids, and involves estimating a dose 
absorbed from liquid across the dermal membrane into the body.  The dermally absorbed dose (DAD) for 
organics from liquids depends on exposure time and the absorbed dose per event (DAevent) (EPA, 2004).  
Therefore, solving for the screening levels or liquid concentration is written consistent with EPA (2019): 



 
Equation 10 –Equation for Estimating Dermal Absorbed Dose from Leachate 



 



𝐼𝐼𝑅𝑅 𝐸𝐸𝑇𝑇 �
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𝑆𝑆
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�6 ×  𝜏𝜏 𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒(



ℎ
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Where for cancer-based health effects, DAevent is calculated as: 
 



 
Equation 11 – Equation for DAevent for Cancer-Based Health Effects 



 



𝑫𝑫𝑫𝑫𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆  �
𝝁𝝁𝝁𝝁



𝒄𝒄𝒄𝒄𝟐𝟐 − 𝒆𝒆𝒆𝒆
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𝐓𝐓𝐓𝐓𝐓𝐓 × 𝐀𝐀𝐓𝐓𝐀𝐀 (𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 𝐝𝐝) ×  𝐁𝐁𝐁𝐁 (𝐤𝐤𝐤𝐤) ×  𝟏𝟏𝟐𝟐𝟐𝟐𝟐𝟐 𝒖𝒖𝝁𝝁𝒄𝒄𝝁𝝁
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪
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And where for noncancer-based health effects, DAevent is calculated as: 
 
 



Equation 12 – Equation for DAevent for Noncancer-Based Health Effects 
 



𝐸𝐸𝐴𝐴𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒  �
𝜇𝜇𝑆𝑆



𝐴𝐴𝑚𝑚2 − 𝑒𝑒𝑒𝑒
� =   



THQ × ATnc (ED y ∗ 365 d
𝑦𝑦) ×  BW (kg) ×  1000 𝑢𝑢𝑆𝑆



𝑚𝑚𝑆𝑆
1



𝑇𝑇𝑅𝑅𝐸𝐸 ( 𝑚𝑚𝑆𝑆
𝑘𝑘𝑆𝑆 − 𝑑𝑑) × 𝐺𝐺𝐼𝐼𝐴𝐴𝐵𝐵𝑆𝑆



×  𝐸𝐸𝐸𝐸 �𝑒𝑒𝑒𝑒𝑑𝑑 � ×  𝐸𝐸𝐸𝐸 (𝑦𝑦) × 𝐸𝐸𝐸𝐸 �𝑑𝑑𝑦𝑦� × 𝑆𝑆𝐴𝐴(𝐴𝐴𝑚𝑚2)
 



 
 
The total leachate RBSL for all direct contact leachate-based pathways combined is calculated from the results of 
Equations 8, 10, and 11 for cancer and 9, 10, and 12 for noncancer, respectively.  Summing the inverse of the 
results of the individual exposure pathways yields:  
 



Equation 13 – Total Leachate RBSL as Expressed by Summation of Exposure Pathways 
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𝑇𝑇𝐵𝐵𝑆𝑆𝑆𝑆 �



𝑢𝑢𝑆𝑆
𝑆𝑆
� =



1
1



𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 1
𝑆𝑆𝑆𝑆𝑑𝑑𝑒𝑒𝑆𝑆𝑚𝑚



 



 



2.7. RBSL FOR COMBINED MEDIA 
In order to establish an RBSL protective of all of the soil and leachate pathways, the RBLSs derived for each 
medium must be combined.  The leachate RBSLs must be converted from ug/L to mg/L.  In addition, the volume 
of leachate applied to a given area of soil must be factored in.  The equation used to combine the soil and leachate 
RBSLs can be visualized as follows: 
 



Equation 14 – RBSL Inclusive of All Exposure Pathways 



leachatesoil



all



RBSLRBSL



LmgRBSL 11
1)/(



+
=  



 
However, the RBSLs for soil and leachate cannot be additively combined as they are in terms of different units.  
The concentrations in soil are themselves dependent on the leachate concentration (Figure 1).  A soil 
concentration can be linked to the leachate concentration as follows, conservatively assuming there is 100% 
efficiency in cross-media transfer: 
 



Equation 15 – Relationship of Soil Concentrations to Applied Leachate Concentrations 



Ms
VLCLCsoil 1**=  



 
Where:  
Csoil = Soil concentration (mg/kg) 
CL = Leachate concentration (mg/L) 
VL = Volume of leachate applied (13,626 L/ac) 
Ms = Mass of soil per acre (803,116 kg/ac)  
 
Equation 15 can therefore be rewritten as follows to solve for a leachate RBSL (i.e., the allowable leachate 
concentration) given all the potential exposure pathways.  Note that these RBSLs conservatively assume that there 
is no PPE and that the exposure pathways are complete.  Equation 16 is the equation for the leachate RBSL 
considering cumulative exposure across all soil and leachate pathways: 
 



Equation 16 – RBSL Inclusive of All Exposure Pathways and Media 



leachatesoil



all



RBSL
VL



MsRBSL



LmgRBSL
11



1)/(
+



×



=  



 
Where: 
RBSLall  = the allowable leachate concentration (mg/L) without PPE 
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3. TOXICITY PROFILES FOR PFAS 



3.1. PFAS NONCARCINOGENIC TOXICITY VALUES 
USEPA derived an RfD for PFOS of 0.00002 mg/kg-day (USEPA 2016c).  The toxicity endpoint for this RfD is 
decreased neonatal rat body weight from a two-generation study.  An uncertainty factor of 30 was applied to this 
RfD, which included an uncertainty factor of 10 for intrahuman variability and an uncertainty factor of 3 for 
interspecific variability between humans and animals.  The USEPA (2016a) issued a lifetime drinking water 
health advisory for PFOS of 0.07 ug/L based on this RfD derived from the rat study.  The lifetime health advisory 
is considered protective of adverse effects in adults for kidney and liver toxicity, and protective of the general 
population (USEPA 2016a).  
 
The RfD for PFOA is the same as PFOS, although it is derived from a mouse instead of a rat study.  The PFOA 
RfD of 0.00002 mg/kg/day is based on developmental toxicity effects in mice (USEPA 2016d), specifically 
reduced ossification and accelerated puberty (in males).  The total uncertainty factor is 300, and includes a factor 
of 10 for intrahuman variability, a factor of 3 to account for differences between animals and humans, and a factor 
of 10 to account for use of a lowest observed adverse effect level (LOAEL) instead of a no observed adverse 
effect level (NOAEL).     
 
There is no inhalation toxicity value (RfC) for either PFOS or PFOA (USEPA 2016 a,b,c).  Therefore, evaluation 
of noncancer health effects due to inhalation cannot be performed.   
 



3.2. PFAS CARCINOGENIC TOXICITY VALUES 
The toxicity value used to predict carcinogenic risk for dermal and ingestion exposure to water or soils is the oral 
cancer slope factor (CSF).  The CSF converts estimated daily intakes averaged over a lifetime of exposure to an 
incremental risk of an individual developing cancer.  The CSF is expressed in units of the inverse of milligrams 
chemical per kilogram body weight per day (i.e., 1/mg/kg-d or mg/kg-d)-1).  
 
The inhalation unit risk (IUR) factor is used to predict carcinogenic risk for inhalation exposure for fugitive dust 
or vapor emissions from bulk solid media, as well as risk due to inhalation of air.  The units for the IUR are the 
inverse of micrograms chemical per cubic meter of air, or 1/ug/m3, or (ug/m3)-1.  The toxicity values for 
evaluating cancer risk for PFAS are summarized in Table 4. 
 
USEPA (2016c) stated that there is “suggestive evidence” of carcinogenicity for PFOS based on liver, thyroid, 
and mammary fibroadenomas identified in rats.  This evidence is not considered strong because a linear dose-
response was not observed for thyroid or mammary fibroadenomas. The liver tumor effect occurred only in the 
high-dose males and females, and only one hepatocellular carcinoma was observed.  In addition, the genotoxicity 
data were negative, and human epidemiology studies could not correlate exposure with cancer incidence (USEPA 
2016c). The USEPA health advisory documents (USEPA 2016a,b,c) judged the available information at that time 
to be too limited to derive a quantitative cancer assessment.  The same CSF was applied to PFOS.  This is likely 
overly conservative since USEPA (2016c) did not define quantitative numeric cancer toxicity values for PFOS. 
The CSF originates from the Drinking Water Support Document for the Health Advisory (DWSHA) for PFOA 
(USEPA 2016d).  According to USEPA (2016d), the CSF is based on human epidemiology evidence indicating 
an association of serum PFOA with kidney and testicular tumors.  In addition, two chronic PFOA bioassays 
support its ability to be tumorigenic in rats, including liver, testes, and pancreas. USEPA estimated a CSF of 0.07 
(mg/kg/day)-1 based on testicular tumors (USEPA 2016d).   
 
There is no IUR toxicity value for either PFOS or PFOA.  Therefore, evaluation of cancer health effects due to 
inhalation cannot be performed.   
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4. RISK-BASED SCREENING LEVEL FOR LEACHATE (RBSLS) 
 
The USEPA calculator outdoor worker scenario was used to calculate the RBSLs for soil using the exposure 
parameters shown in Table 2.  The recreational visitor scenario was used to calculate the RBSLs for exposure to 
leachate by zeroing all juvenile parameters, and using the site-specific values from Table 2.  The RBSLs are based 
on a target hazard quotient (THQ) of 1, or a target cancer risk (TR) of 1x10-6.   
 
The RBSLs for the soil exposure pathways are shown in Table 5.  A carcinogenic RBSL was only calculated for 
PFOA.  It was assumed for this analysis that PFOS also could produce cancer effects, and so the soil RBSL would 
be the same for either compound.  The noncancer health effects are the more conservative screening levels (SLs).  
Therefore, the soil RBSL for both compounds is based on the noncancer toxicity values.  
 
The RBSLs for the leachate exposure pathways (Table 6) are only quantified for direct ingestion.  Parameters 
required for quantifying the dermal exposure pathway such as Kp and other chemical-specific values are not 
available at this time.  The noncancer health effects are the more conservative SLs.  Therefore, the leachate RBSL 
for both compounds is based on the noncancer toxicity values.  
 
Based on the assumptions used in the risk analysis, the RBSL for each chemical for soil and leachate exposure 
combined for both PFOS and PFOA is 88.3 mg/L (i.e., the RBSL for PFOS is 88.3 mg/L, and the RBSL for 
PFOA is 88.3 mg/L) (Table 7).  This is for contact with both soil and leachate to either chemical individually.  
The cumulative or summed measured concentration of both PFAS should also not exceed 88.3 mg/L because the 
health effects could be additive.  Exposure to concentrations at or below this level is not expected to result in 
adverse health effects.   



5. UNCERTAINTY ANALYSIS 
All risk assessments contain uncertainties.  The purpose of the uncertainty analysis is not to remove these 
uncertainties, but to identify them and predict their effect on the risk assessment results.   
 
There are typical uncertainties that are associated with the underlying toxicity data, which are often extrapolated 
from animal studies and contain uncertainty factors due to database adequacy.  There is uncertainty in the toxicity 
values for the PFAS.  There are no CSF values for PFOS, and so it was assumed that the toxicity would be 
similar.  This assumption does not affect the results of the risk assessment since the noncancer health effects are 
more protective.  There are no toxicity values (i.e., RfC or IUR) for evaluation and quantification of inhalation of 
fugitive dust toxicity, which could bias the risk results low since this pathway is not quantified.   
 
There are uncertainties associated with the chemical parameters and the exposure pathways.  Dermal contact 
pathways for direct contact with leachate cannot be quantified at this time due to lack of Kp and other parameters 
required for the dermal pathway evaluation.  This could potentially bias the risk results low.  However, workers at 
the site wear PPE to prevent dermal contact with the leachate.  This PPE eliminates dermal exposure and therefore 
dermal risk, ultimately meaning that risk estimates are not biased low from lack of dermal exposure parameters. 
 
There are also uncertainties because of the receptor parameters as well.  In general, the conservative exposure 
parameters applied are expected to represent any potentially exposed workers.  It is assumed that a worker would 
apply leachate for 30 years, which would tend to bias the risk results high.    
 



6. REFERENCES 
Agency for Toxic Substances and Disease Registry (ATSDR). (2018). Draft Toxicological Profile for 



Perfluoroalkyls.  June 2018. 











9 
 



Giesy, J., Naile, J., Khim, J., Jones, P. and Newsted, J. (2010). Aquatic Toxicology of Perfluorinated Chemicals. 
Reviews of Environmental Contamination and Toxicology, pp.1-52. 



Terra Technologies Environmental Services.  2008.  Technical Memorandum.  Development Of Risk Based 
Screening Levels (RBSLS) For Reconstructed Cell Leachate at the Denver Arapahoe Chemical Waste 
Processing Facility Arapahoe County, Colorado.  September 25, 2008.  Revised April 13, 2009  Prepared 
for Waste Management of Colorado, Inc.  January 30, 1998.   



Terra Technologies.  1998.  Risk Assessment for Reconstructed Cell Sump Leachate for the Denver Arapahoe 
Chemical Waste Processing Facility.  Prepared for Waste Management of Colorado, Inc.  January 30, 
1998.   



Terra Technologies Environmental Services LLC.  2009.  Technical Memorandum. Updated Risk Based 
Screening Levels For Reconstructed Cell Leachate At The Denver Arapahoe Chemical Waste Processing 
Facility, Arapahoe County, Colorado. May 29, 2009 



United States Environmental Protection Agency (USEPA), (1989).  Risk Assessment Guidance for Superfund 
Volume I: Human Health Evaluation Manual (Part A) Interim Final.  Office of Emergency and Remedial 
Response.  USEPA/540/1-89/002. 



United States Environmental Protection Agency (USEPA), (2004).  Risk Assessment Guidance for Superfund 
(RAGS) Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk 
Assessment) Final.  Worksheet to Calculate Dermal Absorption of Inorganic Chemicals from Aqueous 
Media.  Inorg04_01.xls OSWER 9285.7-02EP.  July 2004.  
http://www.epa.gov/oswer/riskassessment/ragse/index.htm 



United States Environmental Protection Agency (USEPA). (2009).  Risk Assessment Guidance for Superfund 
Volume I: Human Health Evaluation Manual (Part F. Supplemental Guidance for Inhalation Risk 
Assessment) Final. OSWER 9285.7-82. January 2009. 



United States Environmental Protection Agency (USEPA). 2016a. Drinking Water Health Advisory for 
Perfluorooctane Sulfonate (PFOS). EPA 822-R-16-004. May. 



United States Environmental Protection Agency (USEPA). 2016b. Drinking Water Health Advisory for 
Perfluorooctanoic Acid (PFOA). EPA 822-R-16-005. May.  



United States Environmental Protection Agency (USEPA). 2016c. Health Effects Support Document for 
Perfluorooctane Sulfonate (PFOS).  EPA 822-R-16-002.  May 2016.  



United States Environmental Protection Agency (USEPA). 2016d.  Health Effects Support Document for 
Perfluorooctanoic Acid (PFOA). EPA 822-R-16-003.  May 2016.  



United States Environmental Protection Agency (USEPA). 2017. Technical Fact Sheet – Perfluorooctane Sulfonate 
(PFOS) and Perfluorooctanoic Acid (PFOA). November 2017. https://www.epa.gov/sites/production/files/2017-
12/documents/ffrrofactsheet_contaminants_pfos_pfoa_11-20-17_508_0.pdf 



United States Environmental Protection Agency (USEPA). 2019.  Mid-Atlantic Region.  Regional Screening Levels. 
November 2019.   http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/ 



  





http://www.epa.gov/oswer/riskassessment/ragse/index.htm


https://www.epa.gov/sites/production/files/2017-12/documents/ffrrofactsheet_contaminants_pfos_pfoa_11-20-17_508_0.pdf


https://www.epa.gov/sites/production/files/2017-12/documents/ffrrofactsheet_contaminants_pfos_pfoa_11-20-17_508_0.pdf


http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/








10 
 



TABLES  
 



Table 1.  Potentially Complete Exposure Pathways Evaluated as a Component of the RBSLs 



Medium Industrial Land Use 



Leachate Incidental Ingestion  
  Dermal absorption 
 Inhalation of volatiles emanating from spray1  
Soil Incidental Ingestion 
  Inhalation of particulates 
 Inhalation of volatiles emanating from soil1 
  Dermal absorption 



 
Notes: 
1 – This pathway is recognized to exist, but is not applicable to the PFAS evaluation because of their low 
volatility
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Table 2.  Receptor-Specific Exposure Parameters Used in the RBSL Equations 



Exposure 
Type Parameter Name and Units Abbreviation EPA Default 



Worker  



2008/1998 
Industrial 
Worker 



2009 Site-
Specific 
Industrial 
Worker 



2019 Site-
Specific 
Industrial 
Worker 



General 
 
 
 
 
 
 
 
 



Adult Body Weight (kg) BWa 80a 70 70 80a 
Exposure Frequency (d/yr) EF 250 60 4 4 
Exposure Duration-Adult (yr) ED 25 10 30 30 
Exposure Time (hr/d) ET 8 8 0.33 0.33 
Number of Events Daily (unitless) EV 1 1 1 1 
Averaging Time - Cancer (days) ATc 25550 25550 25550 25550 
Averaging Time Adult - Noncancer (ED*365) (days) ATnc 9125 3650 3650 3650 
Target Hazard Quotient  (unitless) THQ 1 1 1 1 
Target Risk (unitless) TR 1.00E-06 1.00E-06 1.00E-06 1.00E-06 



Leachate and 
Soil 
Ingestion, 
Dermal 
Contact, and 
Inhalation 
Parameters 



Event Time (hr) tevent 0.58 8 0.33 0.33 
Fraction Absorbed FA Varies Varies Varies Varies 
Hourly Incidental Leachate Ingestion Rate (L/h) CRh 0.05 b 0.001 0.005 0.005 
Daily Incidental Leachate Ingestion Rate (L/d) CRd 0.4 b NA 0.0017 0.0017 
Surface Area - Adult (cm2) SAw 3527c 4700 3300 3527c 
Dermal Permeability Constant (KP) Varies Varies Varies Varies 
Particulate Emission Factor (m3/kg) PEF 1.36E+09 4.63E+09 6.1E+08d 7.55E+09d 
Volatilization Factor (m3/kg) VFs Varies Varies Varies NA 
Soil Ingestion Rate - Adults (mg/d) IRS 100 480 100 100 
Surface Area - Adult (cm2/d) c SA 3527c 4700 3300 3527c 
Adherence Factor - Adult (mg/cm2) AF 0.12e 1 0.2 0.2e 
Inhalation Rate - Adult (m3/h) IRA NA 0.83 NA NA 



Notes:  
NA – Not applicable 
USEPA values are from USEPA (2019) Outdoor Worker unless otherwise noted below: 



a. Default body weight has increased from 70 kg to 80 kg 
b. A standard parameter is lacking. Value shown based on incidental ingestion during swimming is 50 ml/hr as a default (EPA, 1989) * 8 hr/d. A current site value of 5 



ml/hr (1 teaspoon) for the 18 minute exposure (rounded up to 20 minutes or 0.33 hr) is shown. 
c. Surface area has increased from 3300 to 3527 cm2 as a default for workers in USEPA (2019) RSL Calculator 
d. As calculated for Denver CO, 10 acre site with RSL calculator (USEPA 2019)  
e. The adherence factor default is 0.12 mg/cm2 for outdoor workers. More conservative value used for site-workers consistent with 2009 values, and because adherence 



may be higher at site. 
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Table 3.  Chemical-Specific Toxicity Values and Adjustment Factors 



Analyte 



Cancer Slope 
Factor  
(CSFo) 



(mg/kg-day)-1 



Inhalation 
Unit Risk 



(IUR) 
(ug/m3)-1 



Oral 
Reference 



Dose  
(RfD) 



(mg/kg-day) 



Inhalation 
Reference 



Concentration 
(RfC) 



(mg/m3) 



Dermal 
Absorption 



Fraction 
for Soil 
(ABS) 



(unitless) 



Relative 
Bioavailability 



Factor 
(RBA) 



(unitless) 



Gastrointestinal 
Absorption 



Factor 
(GIABS) 
(unitless) 



Perfluorooctane sulfonic acid (PFOS) - - 2E-05 - 0.1 1 1 
Perfluorooctanoic acid (PFOA) 7.00E-02 - 2E-05 - 0.1 1 1 



Notes: Toxicity values obtained from Drinking Water Health Advisories (USEPA 2016 a,b,c,d) 
 
 
 
 
 



Table 4.  Chemical-Specific Parameters Used in Exposure Equations 



Analyte Name 



Henry's 
Law 



Constant 
(HLC) 



(atm/m3 -
mol) 



Diffusivity 
in Air 
(Dia) 



(cm2/s) 



Diffusivity 
in Water 



(Diw) 
(cm2/s) 



Soil-Water 
Partition 



Coefficient 
(Koc) 



(cm3/g) 



Solubility 
(S) 



(mg/L) 



Apparent 
Diffusivity 



(DA) 
(cm2/s) 



VFs 
(m3/kg) 



Dermal 
Permeability 



Constant (Kp) 
(cm/h) 



Time To 
Steady 
State  
(t*) 
(hr) 



Lag Time 
Per Event  



(τevent) 
(hr/event) 



Perfluorooctane 
sulfonic acid (PFOS) NV 2.07E-02 5.25E-06 3.72E+02 6.80E+02 NA NA NV NV NV 



Perfluorooctanoic 
acid (PFOA) 4.00E-06 2.26E-02 5.79E-06 1.15E+02 9.50E+03 NA NA NV NV NV 



Notes: 
NA – Not applicable; NV – No value available  
atm/m3-mol – atmospheres per cubic meter per mole 
cm3/cm3 – unitless HLC or cubic centimeter per cubic centimeter 
cm2/s – centimeter squared per second 
cm3/g –cubic centimeter per gram 
mg/L – milligram per liter 
m3/kg – cubic meter per kilogram 
cm/h – centimeter per hour 
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Table 5. RBSLs for the Soil Contact Pathways 



Chemical 



Cancer 
Ingestion 



SL 
(mg/kg) 



Cancer 
Dermal 



SL 
(mg/kg) 



Cancer 
Inhalation 



SL 
(mg/kg) 



Carcinogenic 
SL 



(mg/kg) 



Noncancer 
Ingestion 



SL 
(mg/kg) 



Noncancer 
Dermal 



SL 
(mg/kg) 



Noncancer 
Inhalation 



SL 
(mg/kg) 



Noncarcinogenic 
SL 



(mg/kg) 
Soil RBSL 



(mg/kg) 
Perfluorooctane 
sulfonic acid 
(PFOS) 



- - - Assume same 
SL as PFOA 1.46E+03 2.07E+03 - 8.56E+02 8.56E+02  nc 



Perfluorooctanoic 
acid (PFOA) 2.43E+03 3.45E+03 - 1.43E+03 1.46E+03 2.07E+03 - 8.56E+02 8.56E+02  nc 



Notes: nc – RBSL based on noncancer endpoints 
 
 



Table 6. RBSLs for the Leachate Contact Pathways 



Chemical 



Cancer 
Ingestion 



SL 
(mg/L) 



Cancer 
Dermal SL 



(mg/L) 



Carcinoge
nic SL 
(mg/L) 



Noncancer 
Ingestion 



SL 
(mg/L) 



Noncancer 
Dermal SL 



(Adult) 
(mg/L) 



Noncarcinogenic 
SL 



(Adult) 
(mg/L) 



Leachate RBSL 
 (mg/L) 



Perfluorooctane 
sulfonic acid (PFOS) - - - 8.85E+01 - 8.85E+01 8.85E+01 nc 



Perfluorooctanoic 
acid (PFOA) 1.83E+02 - 1.83E+02 8.85E+01 - 8.85E+01 8.85E+01 nc 



Notes: nc – RBSL based on noncancer endpoints 
 
 
 



Table 7.  RBSLs for PFAS 



Chemical   
CAS 
Number 



2019 RBSLsoil 
(mg/kg) 



2019 RBSLLeachate 
(mg/L) 



2019 RBSLall  
(mg/L) 



Perfluorooctane sulfonic acid (PFOS) 1763-23-1 8.56E+02 nc 8.85E+01 nc 8.83E+01 nc 
Perfluorooctanoic acid (PFOA) 335-67-1 8.56E+02 nc 8.85E+01 nc 8.83E+01 nc 



Notes: nc – RBSL based on noncancer endpoints 
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FIGURES 
 
 
Figure 1.  Conceptual Site Model for Development of Risk Based Screening Levels (RBSLs) 
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BACKGROUND 



The draft renewal for the DACWPF permit triggers action if leachate within the secondary sump of the 
reconstructed cell (Cell) exhibits a confirmed detection of any parameter listed in Table G-1. In the event a 
parameter in the secondary sump exceeds its Action Limit, existing permit conditions require additional monitoring 



wells to be installed in the Upper and Intermediate Sandstone units for sampling and analysis (see attached 
general location map, Figure 3 of draft permit, note figures have been modified to include location of sump and 
other minor details in this memo). After careful review of the hydrogeologic regime associated with the DACWPF 



cell including evaluation of groundwater level data collected from existing monitoring wells since the completion of 
closure of the Cell in 1990 and the lateral and vertical extent of the Upper and Intermediate Sandstone units 
adjacent to and beneath the Cell, site hydrogeologic conditions indicate that even if groundwater could be 



collected from the Upper and Intermediate Sandstone units the resultant data would not be meaningful for 



assessing a potential leachate release from the secondary sump.  



DISCUSSION 



The site hydrogeology demonstrates that the existing Lower Sandstone wells are best positioned for monitoring a 



potential leachate release from the DACWPF secondary sump to ensure protection of human health and the 



environment. The rationale for this position is provided below: 



1) The hydrogeologic conditions beneath DACWPF demonstrate that existing and possible future wells
completed in the Upper and Intermediate Sandstones cannot realistically intercept a potential leachate



release from the secondary sump because:



 The Upper Sandstone wells (proposed and existing) are/would be at an elevation above the elevation of
the bottom of the secondary sump because this unit occurs close to the ground surface (see attached 



Figures 6 and 12 of draft permit); therefore, any wells completed in this unit cannot intercept a leachate 



release from the secondary sump; and  



 The Intermediate Sandstone is generally a low permeability, laterally discontinuous unit located below 
the Upper Sandstone (see attached Figures 7 and 12 of draft permit); although it contains small, 
intermittent more permeable zones that contain water, the only identified saturated zone within the 
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Intermediate Sandstone beneath DACWPF occurs in a very limited area along the southern cell 



boundary based on past site characterization activities (i.e., borings and piezometer installations 



GC-16, GC-22, and GC-26 - see attached Figure 7 from the draft permit). Therefore, the possibility for a 



leachate release from the secondary sump to reach groundwater within this saturated portion of the 



Intermediate Sandstone and manifest itself to become an environmental concern is remote. Thus, 



proposed wells within this unit are impractical as they are not effectively positioned to detect a leachate 



release from the secondary sump.  



2) Based on the above, a leachate release from the secondary sump would be most readily detected in the 



Lower Sandstone wells. If a release from the secondary sump were to occur, analytes would slowly migrate 



vertically downward through primarily unsaturated clay material and into the Lower Sandstone (see attached 



Figures 8 and 12 of draft permit). Any release would take a significant amount of time to move through this 



material especially considering leachate within the secondary sump is routinely pumped out and there would 



not be a consistent driving head to promote vertical migration. Nevertheless, if analytes were able to migrate 



to groundwater within the Lower Sandstone unit, analytes would then migrate laterally to the hydraulically 



downgradient Lower Sandstone wells P-113, P-114 and P-115. As concluded in previous hydrogeologic 



investigations, these wells are suitably located to detect a potential leachate release from the secondary 



sump while providing early detection and environmental protection to any downgradient receptors.  



3) Evaluation of the lateral gradients and hydraulic conductivity within the Lower Sandstone indicates that the 



groundwater is moving very slowly in this unit, on the order of only 0.16 feet per year (i.e., 1.6 feet every 



10 years). At this rate, there would be ample time to address any analytes that may be a concern prior to 



affected groundwater potentially migrating offsite toward possible receptors since the DACWPF property line 



is over 100 feet downgradient of the monitoring wells.    



RECOMMENDATION  



Given the data that has been collected over the years and the hydrogeologic conditions described above, 



focusing on monitoring only the Lower Sandstone provides an appropriate and effective monitoring approach and 



should be incorporated into the renewal permit. Monitoring only the Lower Sandstone is protective of human 



health and the environment and represents the best action if confirmed Action Limits are exceeded for any 



parameter listed in Table G-1.  
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1.0 GENERAL 



The purpose of monitoring the upper and intermediate sandstone units is to continue to measure and 



record groundwater levels in these units in the vicinity of the reconstructed cell.  Additionally, the 



groundwater from these sandstone units will be sampled and analyzed for VOCs and constituents 



identified in Table F-1 and Table G-1. Constituents in Table G-1 will only be analyzed in the sandstone 



units if the constituents are detected in secondary leachate sample(s) at levels above their respective 



action limit. Additional measures will also be conducted if constituents in Table G-1 exceed the action 



limit for PFOA/PFOS or the detection limit for the other constituents in the secondary sump, reference 



Section 4.0 below, steps 1 and 2. 



TABLE G-1 



SECONDARY LEACHATE DETECTION SYSTEM ANALYTES  
(“Detection Limits” and “Action Limits” are in μg/L = micrograms per liter) 



CONSTITUENT DETECTION 
LIMIT 



ACTION 
LIMIT 



Benzene 5.0 510.0 
Carbon tetrachloride 1.0 50.0 



Chlorobenzene 5.0 10050 
Chloroform 3.55.0 3.550 



1,2 Dichloroethane 1.0 50.0 
1,1 Dichloroethene 5.0 7.050 
Methyl ethyl ketone 100 1,000 
Tetrachloroethene 5.0 50.0 
Trichloroethene 5.0 50.0 
Vinyl Chloride 2.0 2.0100 



Arsenic 10 100 
PFOA/PFOS 0.01 0.0713.6 



2.0 MONITORING NETWORK 



The monitoring network for the upper and intermediate sandstone units consists of the following: 



• Piezometers GC-18, GC-21, and P-107 which are completed in the upper
sandstone unit and which are illustrated in Figure 6.



• Piezometers GC-16, GC-22, and GC-26 which are completed in the intermediate
sandstone unit and which are illustrated in Figure 7.



EXHIBIT G
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These piezometers have been used to date to monitor groundwater levels in the upper and intermediate 



sandstone units.   



3.0 WATER LEVEL MEASUREMENTS AND REPORTING 



All groundwater level measurements will be conducted pursuant to ASTM standards or equivalent. 



The following steps will be performed for each groundwater level measurement event: 



Step 1: Inspection.  Prior to making the water level measurement, each piezometer 
will be inspected.  Any notable condition of the piezometer structure that could 
affect the water level measurement will be documented.   



Step 2: Static Water Level Measurement.  The static water level will be measured and 
recorded until reproducible results are obtained.  The static water level will be 
measured as the depth of water in the piezometer from the top of the casing 
and will be recorded to the nearest 0.01 foot.   



Water level measurements will continue semi-annually through the post-closure care period.  



The results of the water level measurements will be recorded for each piezometer and each water level 



measurement event.  The record will include the piezometer identification and date of water level 



measurement.  



All of the groundwater level measurements will be reported on an annual basis along with the water 



quality data submitted in accordance with Appendix F -- Groundwater Monitoring and Statistical 



Evaluation Procedures.  The groundwater level measurements will also be plotted and submitted with 



the annual report.   



4.0 GROUNDWATER SAMPLING AND ANALYSISADDITIONAL MEASURES 



Pursuant to the conditional delisting, the leachate from the reconstructed cell leachate sumps is to be 



analyzed at least once a year.   



If, in the future, any of the constituents listed in Table G-1 are detected (pursuant to the inspection 



requirements set out in the Inspection and Maintenance Plan, Appendix C) in the leachate that collects 



in the reconstructed cell leachate secondary sump at levels above the action limit for PFOA/PFOS or 



the detection limits of the other constituents listed in Table G-1 (hereinafter “trigger limit”), the 



Permittee shall proceed as follows: 



Step 1: The detection of an analyte above its respective trigger limit listed in Table G-
1 shall be confirmed through a review of the QA/QC data to verify that 
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acceptable field and laboratory data have been generated and recorded and, if 
appropriate, resampling of the leachate within forty-five (45) days of data 
receipt.  If the detection is not confirmed, the Permittee will continue with 
groundwater level measurements in accordance with Section 3.0 of this 
Appendix G.  If the detection is confirmed, the Permittee will proceed to the 
following stepsStep 2.  



Step 2: If detection of an analyte above its respective trigger limit listed in Table G-1 
is confirmed in the secondary sump leachate in Step 1, the Permittee will use 
reasonable efforts to identify and remedy the cause of the detection and will, 
within sixty (60) days after confirmation submit a report to the CDPHE for 
review and approval which: 



a. Contains the results of the field and laboratory analyses performed;



b. Discusses the analytical results;



c. Summarizes the efforts in identifying and remedying the cause of the
detection; and



d. Presents a plan for further work and monitoring (as and if necessary)
together with any necessary permit modification requests for
implementing such further work, to further identify and remedy the cause
of the detection and/or to determine if the effectiveness or integrity of the
reconstructed cell have been compromised.



Step 3: If detection of any VOC or PFOA/PFOS analyte above the action limit listed 
in Table G-1 is confirmed in the secondary sump leachate in Step 1, the 
Permittee will, within forty-five (45) days after confirmation of the detection, 
initiate the field activities for the installation of three groundwater monitoring 
wells in the upper sandstone unit and three groundwater monitoring wells in 
the intermediate sandstone unit at locations as generally shown in Figure 3 
and, upon completion of these groundwater monitoring wells, the Permittee 
will sample them in accordance with the procedures set forth in Sections 2.4 
and 2.6 of Appendix F for the following parameters: 



(i)  For detection of any VOC, the samples will be analyzed for the 
VOC constituents listed in Table F-1 of Appendix F in accordance with the 
laboratory analytical procedures listed in Section 2.5 of Appendix F.  The 
Permittee will also review the QA/QC data to verify that acceptable field and 
laboratory data have been generated and recorded and, if appropriate, resample 
any wells found to have unacceptable data. 



(ii) For detection of any PFOA/PFOS, the samples will be analyzed 
for PFOA/PFOS in accordance with the USEPA Method 537, Modified 
analytical procedures until EPA Method 8328 is finalized, and the Permittee 
will also review the QA/QC data to verify that acceptable field and laboratory 
data have been generated and recorded and, if appropriate, resample any wells 
found to have unacceptable data. 
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If detection of arsenic above the action limit in Table G-1 is confirmed in the 
secondary leachate sump, the Permittee will, within forty-five (45) days after 
confirmation of the detection, either: 



a. Submit a report to the CDPHE demonstrating that the arsenic detection
above the action limit in Table G-1 was caused by a source other than the 
waste in the reconstructed cell; or 



b. Initiate the field activities for the installation of three groundwater
monitoring wells in the upper sandstone unit and three ground monitoring 
wells in the intermediate sandstone at locations as generally shown in 
Figure 3.  Upon completion of these groundwater monitoring wells, the 
Permittee will sample them in accordance with the procedures set forth in 
Sections 2.4 and 2.6 of Appendix F.  The samples will be analyzed for 
arsenic in accordance with the laboratory analytical procedures listed in 
Section 2.5 of Appendix F and the Permittee will also review the QA/QC 
data to verify that acceptable field and laboratory data have been gathered 
and recorded and, if appropriate, resample any wells found to have 
unacceptable data. 



Step 4: The Permittee will, within forty-five (45) days after receipt of the final 
laboratory results for the sampling event described in Step 3, submit a report 
to the CDPHE which:  



Step 5: Outlines the activities performed; 



Step 6: Contains all field information relevant to the installation of the new 
groundwater monitoring wells in the upper and intermediate sandstone units; 



Step 7: Contains the results of the field and laboratory analyses performed including 
the information listed in Section 2.9 of Appendix F; 



Step 8: Discusses the analytical results; and 



Presents a plan for further work (if necessary); together with any necessary permit 
modification requests for implementing such further work, to determine if the 
effectiveness and integrity of the reconstructed cell has been compromised. 
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